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CHAPTER-I 
INTRODUCTION 
Common wheat (Triticum aestivum L.) is an annual, self pollinated and photo 
periodically long day plant. It occupies a prominent place as an important crop 
contributing about 40% of the total food grain production and is next only to rice. It is 
one of the most important staple food grains of human civilization. In India, wheat is 
considered one of the most important crops, since bread is the basic source of energy 
of the majority of population. It is a rich source of carbohydrate, protein and minerals. 
Approximately two third of the wheat produced in the world is used for human food 
(Akhtar, 2009). India is the second largest producer with an annual production of 
about 75 to 80 million tons or about 12% of the total world production. However, the 
average productivity of wheat in India is comparatively low (Jhala or al., 2008; 
Anonymous, 2010). Although the green revolution in the 1960s contributed to the 
phenomenal rise in wheat production in India. It helped the country to achieve self 
sufficiency in food grain production, which was not a simple task. However, 
following 1980's there has been a declining trend in production therefore, India 
remains at risk due to continued population growth, and gradual deterioration of 
agricultural environment because of fast urbanization and shrinking cultivation area 
due to increasing competition for land, water and other resources by non agriculture 
sectors. 
Under the prevailing conditions therefore, provide food to more than 125 
erores people of India is only possible if we improve our agricultural practices such 
as the maximum use of newly introduced high yielding varieties along with judicious 
use of fertilizers and pesticides (herbicides) etc. In this context reduction in losses 
caused by the different weeds, insects and diseases in field crops has become 
therefore, essential for maintaining the crop productivity in order to keep pace with 
growing demand. Because among the pests, weeds cause a yield loss of up to 37% in 
the field compared to 26, 16, 15 and 6% due to diseases, insects, storage pests and 
rodents respectively. For higher agricultural production, herbicide application is 
becoming a regular and necessary practice. It may also be of interest to note that 
weed infestation depletes the soil by 91.2 kg ha' N. 19.4 kg ha" P and 77.5 kg ha"' 
K when allowed to compete with the crop up to harvest (fag-Al-Din et al., 1989). The 
average reduction in yield due to weeds varies depending upon the weeds and the 
extent of competition offered by them to the growing crop. Hence control of weeds 
can certainly avoid the drain of large amount of costly fertilizers, that can be 
otherwise utilized efficiently by the growing crops. However, it may be emphasized 
that incorrect and indiscriminate application of herbicides affects negatively the health 
of humans, microorganisms, animals and ultimately the plants specially the 
agricultural crops. In addition herbicides are specific regarding their excessive levels 
and may be responsible for acute and genetic toxicity which are perilous for the living 
organisms inhabiting the ecosystem (Milosevic and Govedarica, 2002). 
In case of wheat weed competition usually occurs from the two leaf stage to 
the onset of reproductive growth, leading to reduction initially in tillering and later in 
ear formation , in stem weight and height besides giving poor seed formation. The 
predominant weeds associated with wheat crop cultivation are Anagallis arvensis 
(Krishananeel), Argernone mexicana (Satyanashi), Asphodelus tenuifolius (Piazi), 
Cannabis saliva (Bhang), Chenopodium album (Bathua), Cirsium arvense (Kateli), 
Convolvulus arevensis (I-lirankhuri), Fumaria parvi/lora (Gajri), Phalaris minor 
(Mandushi/ (iulidanda), Riunex retroflex (Jangli Palak). It may also be pointed out 
that the amount of pesticides used in India is comparatively low as compared to other 
developed countries. However, there is a gradual increase in production and 
consumption of various kinds of herbicides during the last few decades. Surprisingly 
it has been estimated that only about less than I % of applied pesticides reaches the 
target and the remaining huge quantity affects the environment adversely .Because 
pesticides easily find their way into the soil where the parent compounds and their 
metabolites may affect the soil enzyme activities, and also the microbial population 
(Singh and Singh, 2006). 
Having such adverse effects on environment even then during the past few 
years a large number of herbicides have been introduced in India as pre or post 
emergent weed killers as farmers continue to realize their usefulness in getting higher 
yields for economic gains. Among them some commonly used herbicides are 
pendirnethalin, 2,4-D, metsulfuron methyl, clodinafop, metribuzin and isoproturon 
etc. in wheat cultivation areas. In India the decade from 1980 to 1990 alone recorded 
the area under pesticides application increasing significantly up to 20 fold, from six 
million hectares to 125 million hectares ( Anonymous, 2007 ). 
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Nutrient availability is another yield limiting factor in many countries 
including ours. It is most certain that efficient use of fertilizers and the amount 
applied possesses a pronounced effect on grain production. Farmers often wish to 
combine application of inorganic fertilizer with locally available herbicides for 
reasons of economy and convenience even though the treatments may not be 
registered or recommended in many cases and at many places. No doubt the 
inorganic fertilizers are richer in their nutrient contents, easier to transport and 
application in the field, thus show quick response on grain yield but their judicious 
use together with herbicides gives better results. Although large quantity of 
nitrogenous fertilizer is lost in the form of ammonic volatilization and leaching in the 
form of nitrates thus polluting the ground water while in case of phosphatic fertilizers 
fixation of larger portion further affecting the soil environment (Tahir et al., 2011). 
Therefore, concerns about the possible health and environmental hazards of 
using more chemical fertilizers have been put forward from time to time. In such 
situation use of organic manures have led to strong interest in alternative approach to 
farming, often referred to as sustainable agriculture seeks to introduce agriculture 
practices that are more environment friendly and also maintaining the long term 
ecological balance of the soil ecosystem. In this context the organic manures such as 
vermicompost is one of the important manures to recover the soil fertility. It excludes 
partly the harmful inorganic fertilizers, and the pesticides, without polluting the soil 
and water. Organic manures can supply the essential micronutrients which are not 
commonly supplied by the inorganic fertilizers. Therefore, the environmental and soil 
concern have gained attention for the enhanced use of organic manures as they can 
maintain long term soil structure considering the soil as a living medium, where there 
are complex connections among soil inorganic and organic components, micro-
organisms, soil water and the plants ( Melero et al., 2007). 
It is not easy to provide sufficient nutrients until they are properly managed. 
Because the relation of nutrients is very uncertain depending upon various soil 
conditions and nutrients concentration as some of them may have their individual 
specific role while others may have some antagonistic or synergistic relationship. If 
synergistic, their combined effect is more than the individuals while if it is 
antagonistic, the combined effect is lower than the total of their individual effects and 
it may be because of either imbalanced nutrients supply or suboptimal nutrients 
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ratio, These antagonistic effect may be avoided after supplying the optimum 
combinations. 
It may also he emphasized here that the soil is a dynamic system that appear to 
be in a biological equilibrium and habitat for an enormous variety of life forms. It 
gives mechanical support to plants from which they extract nutrients. The weather 
conditions and local bedrocks contribute to the nature of soil in different locations. 
Their interactions are responsible for the variation of soil types. In addition the 
microbial activity plays a vital role in soil productivity and sustainability. The 
turnover and mineralization of organic substances, nutrient transformations, and 
cycling of organic wastes in soil are mostly dependent on the metabolic functions of 
soil microorganisms (Sparling, 1985; Lee and Pankhurst, 1992). Therefore, the role of 
microbical activity in the development and functioning of soil ecosystem is inevitable, 
and changes in soil microbial activity may be an indicator of changes in the soil health 
(Pankhurst et al., 1995). Soil conditions such as moisture, temperature, aeration, pH 
and the amount of organic matter, affect the rate of microbial degradation because of 
their direct influence on microbial growth and activity (Stepniewska et al., 2007). It 
may also be pointed out that soil enzymes play an important role in motivating soil 
health and are involved in decomposition of organic matter and nutrient cycling. The 
transformations of nutrients occurring in soil are stimulated by the enzymes that 
condition their conversion into forms available to plants and also to microorganisms. 
Therefore, the soil enzymes are frequently referred to as markers of soil environment 
purity. 
Thus keeping the above described facts in mind, it was decided to study the 
suitability of locally used herbicides given in different concentrations while using 
NPK as well as the vermicompost. This study was basically undertaken to observe 
the cultivation of wheat in two different soils of Aligarh and Bulandshahr the two 
adjacent districts of Western U. P. (India) . The study included two pot experiments 
and one field trial with the following objectives. 
To grow and study the wheat in pot while applying different concentrations 
ofinetribuzin herbicide in Aligarh soil. 
2. 
	
	To grow and study the wheat in pot while applying the different 
concentrations of pendimethalin herbicide in Bulandshahr soil. 
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3. To grow and study the wheat in field conditions at Aligarh while applying 
different herbicides commonly applied by the local farmers. 
4. To observe soil physical, chemical and physiological conditions including 
some of the heavy metals. 
5. To find out the role of herbicides in the availability of essential nutrients for 
the growth and development of wheat. 
6. To compare the two soils of the two different districts in the light of wheat 
cultivation and also to recommend the optimum concentration and the type of 
herbicide to be used in future by the local farmers. 
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CHAPTER -II 
CONTENTS 
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CHAPTER -II 
LITERATURE REVIEW 
Several pre and post emergence herbicides have been registered, commercially 
marketed and utilized for controlling the grass and broadleaved weeds growing in 
wheat fields. Similarly. NPK are essential for normal growth and development of 
plants and soils are generally deficient in these nutrients due to regular cropping and 
therefore. must be supplied in the form of inorganic fertilizers. However, use of these 
inorganic fertilizers may cause soil and water pollution when applied in excess while 
the escalating costs of these fertilizers is another problem particularly for small 
farmers in India. Therefore. there has been an increasing interest in the use of organic 
fertilizers including the vermicompost, as the organic matter plays an important role 
in maintaining the overall soil fertility. In this review therefore an attempt has been 
made to include the literature related to the studies made on the effect of herbicides 
and fertilizers on wheat cultivation including some other crops. Since some of the 
important physical, chemical and physiological characteristics have been observed in 
the present study. Therefore, few references related to soil, only have also been 
included in this review. 
2.1. Effect of (pesticides) herbicides and fertilizers on wheat 
Moyer et al. (1979) at Alberta(Canada), reported the effect of barban and 
flamprop methyl on wheat. wild oats and green foxtail with nitrogen in water or 
solution and found that application of both herbicides with urea solution increased the 
nitrogen content in wheat grain in addition to good control over wild oats. I-lowever, it 
had a minor injury on plant leaves which recovered later. 
Influence on soil enzyme activities and selected microbiological properties 
receiving different fertilizer regimes was studied by Bolton Jr. et al.(1985) at 
Washington (U.S.A.), on wheat crop and pea rotation. They reported that management 
system I receiving green manure had higher soil dehydrogenate, crease and 
phosphatase activity as compared to system II that received anhydrous ammonia, P 
and S fertilizers. 
Tag-El-Din et al. (1989) at Riyadh (Saudi Arabia), conducted field trials to 
evaluate the efficacy of some post emergence application of herbicides for the control 
of weeds in wheat. Various herbicides and some of their combinations were tested by 
them. The bromoxynil- contained treatments. (brominal plus, buctril M., pardner and 
brominal. each , 2.5 1 ha) proved more effective in controlling the broad leaved 
weeds. They also improved the wheat growth including the yield besides being safe 
also. Bentazon / Dichlorprop was almost matching to bromoxynil, but it could not 
improve the biological yield of wheat crop. While diclofop- methyl and difenzoquat 
controlled the grasses and insignificantly improved the wheat growth and yield with 
some phytotoxicity. On the other hand 2, 4-D / MCPA controlled the broad leaved 
weeds including phytotoxicity to crop. Other herbicides like isoproturon, metoxuron 
and chlortoluron/ MCPA while showing significant control of weeds but accompanied 
by severe symptoms of crop phytotoxicity which adversely affected the growth and 
yield of wheat. 
The impact of chorsulfuron and diclofop -methyl on uptake and utilization of 
Zn by wheat was observed in green house as well as in field conditions by McLay and 
Robson (1992) at Nedlands. Western Australia. They concluded that chlorsulfuron 
and diclofop methyl decreased the shoot and root weight and also the uptake of Zn. 
Granstedt and Kjellenberg (1997) from Massachusetts (U.S.A.), after about 
three decades of work with four years crop rotation: summer wheat, clover/ grass mix, 
potatoes, beets and eight fertilizer treatments reported that organic treatments showed 
increased yield. They also observed that soil fertility capacity improved as compared 
to conventional system. In their study crops showed greater ability to tolerate stressful 
conditions and long term storage in comparison with the inorganic treatments. 
Compared with the conventional treatments, crude protein content of potatoes and 
wheat were lower in organic treatments, but protein quality was improved. 
In 1999, a field trial was conducted by Goyal et al., at Hisar (India), to 
investigate the influence of different levels of N. P fertilizers and organic manures 
(green manure, FYM, wheat straw). Soil physicochemical properties, enzymatic 
activities and N. P uptake and yield of wheat and pearl millet cropping sequence was 
studied. Their result showed that mineralizable C and N, soil physicochemical 
properties (pH, soil organic carbon) and soil urease, alkaline phosphatase and 
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dehydrogenase activities were improved as compared to inorganic fertilizers in 
organically fertilized soil. Also at Hisar, Nehra et al. (2001) evaluated the effect of 
different organic and inorganic fertilizers on wheat in field experiments. They 
observed that application of organic manure irrespective of source and rate increased 
the dry matter accumulation. leaf area index. chlorophylls, grains and straw yields in 
addition to photosynthesis of wheat over no organic manure. Vermicompost at 
15t ha"1 proved more effective over organic manure. However, maximum values were 
recorded with 120 kg N + 60 Kg P205 + 60 Kg K20 ha* While N at 120 and 90 Kg 
ha' _ azotobacter were statistically at par with NPK only. 
Hanson and Thill (2001) at Palouse (region of Eastern Washington and 
Northern Idaho), noted that different herbicides and their concentrations affected 
differently. the crops grown during their study. In their experiment they noted that no 
herbicide treatment reduced lentil or pea biomass and seed yield as compared to 
untreated control. While wheat biomass was decreased up to 35 to 51% and grain 
yield reduced up to 11 to 17% in plots treated with 2,240 g ha-I pendimethalin at 
lentil hilltop site. Similarly, imazethapyr iu 106g ha-1 and 1.120 g ha 1 pendamethalin 
also reduced the wheat biomass by 24%. Hussein and Radwan (2001) at Cairo 
(Egypt). worked on biofertilization with different levels of nitrogen (50, 75 and 
100%) and phosphorus (25. 50 and 100%) of recommended rates — under different 
herbicides like isoproturon, bifenox and tribenuron- methyl on yield of wheat and its 
associated weeds. The highest N and P content in wheat grains was found with 75% N 
and 50% P and biofertilization and at recommended rate of bifenox herbicide. While 
biofertilization has no effect on weed weights. It increased grain yield by 6.49% over 
no biofertilized control. No effect was observed in grain yield with recommended rate 
of N and P or different rate of N and P with isoproturon application under 
biofertilization. 
Petroczi et al. (2002) while working at Szeged (Hungary), noted the side 
effects of herbicides and fungicides on winter wheat in field as well as in greenhouse. 
They observed that side effect of seed dressing were more characterized in winter 
wheat varieties with a short vegetation period than those for longer one, both in the 
intensity of germination, dry matter accumulation and yield production. They pointed 
out that spraying with triazole fungicide increased the yield and inhibited the 
senescence. 
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All et al. (2003) at Faisalabad (Pakistan). examined the effect of different 
levels of N fertilizers and of different levels of herbicide topik. They observed that 
application of topik (x3300 g ha' gave the maximum yield. They concluded that weed 
free plots reused in profused tillering and increased number of spiklelts sepike-1 that 
finally contributed significantly towards increase in seed yield. During the same year 
Hussain et al. (2003) at Multan (Pakistan). investigated the comparative efficacy of 
different herbicides like alkanak 75.3WP. affinity 50WG, logran 60 WG and buctril 
M 40EC in wheat cv., Oqab — 2000 at their recommended rates. They suggested that 
all herbicides decreased the weeds as well as increased wheat grain yield by 
increasing the tillers number per unit area, number of grains spikes' and test weight . 
Growth parameters like plant height and spike length also increased because of low 
weed competition for nutrients, light, space and water. Alkanak gave the maximum 
yield of grains recording 4067 kg ha". 
During the year 2004, at Aligarh (India), Aamil et al., conducted a pot 
experiment to check the efficiency of different herbicides with recommended, double 
(2D) and ten folds (l 0D) concentrations on growth, seed protein and yield of wheat. 
They reported that root and shoot length was decreased at IOD for each herbicide. 
Herbicides except the recommended dose of 2, 4-D and isoproturon decreased the 
total plant biomass. It was also observed that grain yield increased with recommended 
dose of all herbicides and also the protein content of seeds except isoproturon, but 
increasing doses decreased the parameters studied by them. Abraham and Lal, (2004) 
at Allahabad (India), in their field experiment observed that 100% recommended dose 
of fertilizer (RDF) level increased the yield parameters including the seed yield of 
wheat over the dose having 33% RDF which was better than control. With regard to 
yield of wheat, the combination of poultry manure 	0.5 t ha" and farm compost @ 
5t ha' along with 33% RDF showed statistical parity with 100% RDF. Organic 
manure and biofertilizer also recorded increased yield. The soil organic carbon was 
also increased up to 0.586% with farm compost (5 t ha- ') in combination with poultry 
manure (0.5 t ha- ') or vermicompost (It ha'). 
Singh and Singh (2005) at Ilisar (India), tested the impact of organic manures 
and herbicides on yield of wheat. Their results showed that application of organic 
manure increased the number of tillers, grain weight ear ' and grain and biological 
yield over the crop grown without organic manure. The maximum yield was recorded 
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when 15 t ha'1 of vermicompost was applied. Vermicompost C 10 t ha' and FYM @ 
15 t ha were equal in yield response. Metsulfuron @ 4 g ha' and 2,4-D at 0.5 Kg 
ha ' I gave more yields than weeds check and were at par with each other. 
Gajda and Martyniuk (2005) at Poland, investigated the effect of organic, 
conventional and monoculture on soil (dehydrogenase and phosphatase ) enzymes 
and microbial parameters on wheat and some other crops. It was noted by them that 
organic and conventional system registered higher enzyme activities and 
microbiological parameters as compared to monoculture. Nowak et al. (2006) also 
from Poland, reported the impact of three herbicides izoturon 500 SC, aminopielik 
super 464 SL and rokituron D 470 SC with three concentrations (standard, 5 fold, 25 
fold) on soil and plant phosphatase activity. They found that higher concentrations of 
all herbicides tested by them reduced the activity in plant as well as in soil. While 
initially all herbicides promoted acid phosphatase in plant and alkaline phosphatase in 
soil. Standard as well as 5 fold dose could not produce adverse effect on enzyme 
activity. 
Also during the same year i.e. 2006, Su et al., at Lanzhou, China conducted an 
experiment under inorganic and organic fertilizers with wheat-wheat - maize rotation 
to check the soil organic carbon and soil nutrients status. They reported that supply of 
NPK alone could not increased the soil organic carbon concentration as compared to 
no fertilizers and it was decreased, by 18% on an average compared to the initial 
value at the beginning of the study. Imbalance application of NPK was responsible for 
decrease in available P and K. While use of organic manure improved the soil organic 
carbon and N. P and K. concentration in soil. Hu and Cao (2007) also from China, 
also reported the impact of different organic (traditional compost, microbes cultures) 
and inorganic fertilizers on soil pH, total N.P. phosphatase, urease, SOC (soil organic 
carbon), MBC (microbial biomass carbon) and respiration. They reported through 
their results that all parameters improved with compost amendment as compared to 
inorganically fertilized soil in wheat and maize soil. 
Kaleem et al. (2006) at Dera Ghazi Khan (Pakistan), investigated the 
performance of two grass herbicides (topik 15 WP and puma super 75 EW) at 
different levels to control the weed (Avena farua). They concluded that application of 
puma super 75EW  c 1.251 ha'' and topik 15 WP 200 gha" controlled the weed 
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population the most and increased the wheat growth and yield as a result of reduced 
competition between wild oat and wheat. They also observed that puma super 75 EW 
proved to be better than topik 15 WP. During the same year (2006) Mubeen et al., at 
Faisalabad (Pakistan), evaluated the response of four fungicides with biofertilizers. 
They were of the opinion that alert plus, mancozeb and darorsal have significant 
negative effect and benlate affected positively the wheat traits when compared to bio 
fertilizer treated control. They suggested that field concentration of fungicides do 
have negative impact on inoculated micro organisms and their activities but in rare 
cases they may be stimulatory. Nadeem et al. (2006) also at Faisalabad (Pakistan), 
observed the impact of herbicides and fertilizers and manual weed control on wheat. 
They found that maximum grain yield was obtained with manual hoeing. Increasing 
fertilizers level increased the dry weight of the weeds. Higher fertilizers levels also 
increased the yield of grains in wheat. Ibrahim et al. (2008) also from Faisalabad 
(Pakistan). reported the response of wheat growth and yield to various levels of 
compost and organic manures. They concluded that amounts of organic manure to 
supplement the inorganic fertilizers must be optimized to increase the crop 
productivity. Organic amendments were positive but varying in their effects. They 
noted increased yield and improved productivity, with different levels of organic 
manures and concluded that instead of inorganic fertilizer alone combined application 
can give better results. 
Analysis of TOC (total organic carbon), total N, microbial biomass and soil 
enzymatic activities (dehydrogenase, protease, J3-glucosidase and alkaline 
phasphatase) was performed at two different soil sites in, Sevilla, Spain by Melero et 
al. (2007) while growing wheat potato, lettuce, carrot, spinach, tomato, lentil and 
sunflower after organic (animal and plant) manure and inorganic + herbicide 
application. Results revealed that TOC and total N and enzymatic activities were 
more in organically fertilized soil as compared to NPK fertilized soil. They were of 
the opinion that clayey soil had greater increase in soil TOC, N and other parameters 
in the last crop cycle as studied by them. Tejada and Gonzalez (2007) also in Spain, 
studied in their trial on wheat with different composts i.e., beet vinasse (BV), sewage 
sludge (SS) and cotton gin crushed compost (CGCC). Organic wastes applied at rates 
of 5, 7.5 and 10 Mg organic matter ha". They showed that only CGCC improved 
soil's physical, chemical and biological properties and wheat yield parameters as well 
while SS and BV affected adversely the soil physical, chemical, biological parameters 
and yield of wheat. Mahajan et al. (2007) at Palampur (India), investigated the effect 
of two fertilizers inorganic and organic with isoproturon (herbicide) on soil, bacterial, 
fungal and other microbes, soil pI-1 and also on wheat yield. Bacterial, fungal and 
azotobactoer population were maximum in plots treated with 100% NPK + FYM 
while actinomycetes were more in 100% NPK + lime treatment. The bacterial 
population decreased and fungal colony increased with increasing levels of NPK. 
Application of FYM and lime also improved the yield of wheat crop than rest of the 
mineral fertilizers. 
Gaind and Nain (2007) at New Delhi (India), conducted field trials to evaluate 
the effect of organic fertilizers (paddy straw, microbial inoculants and vermicompost) 
and inorganic fertilizers (NP) on pH, C,N, microbial biomass, dehydrogenase, 
phosphatase, cellulase. (3— glucosidase and xylanase activities while growing the 
wheat crop. Vermicompost resulted in maximum microbial biomass, available P and 
N content in wheat soil and also reduced the pH. Use of microbial inoculants + paddy 
straw- NP resulted in higher enzymatic activities and it reduced the use of inorganic 
fertilizers while improving the soil health. Begum et al. (2007) also at New Delhi 
(India), during examining the influence of inorganic and organic fertilizers use while 
growing wheat. mungbean and maize crop and on N and P dynamics in soil revealed 
in their observation that higher amounts of N fertilizers added higher contents of 
ammonical, nitrate and alkaline KMnO4 oxidizable (avaiable) N in soil. Similarly 
higher dose of P fertilizer application increased the soil total inorganic P and Olsen P. 
Application of FYM u 5t ha' with inorganic N was found to maintain soil N up to 
maize harvest. Inorganic P showed an inverse relationship with organic P content at 
growth stages studied of the three crops. 
Ahmad et al. (2007) at Peshawar (Pakistan), conducted an experiment with 
different concentrations of inorganic fertilizers and herbicides on wheat. Tallest 
plants and more spikes m"2 were observed in .01%. buctril — M solution. Grain spike's 
were maximum with .005% puma super solution. Highest grain and biological yield 
was recorded in 0.1% urea solution. While Yadav and Chhipa (2007) at Jobner 
(India), conducted trials with FYM, gypsum and iron pyrite as manure at different 
levels, on wheat. They suggested that grain and straw yield was more under combined 
application of 20 t FYM ha' + gypsum a 50%. Same was observed with 20 t FYM 
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ha" -- Pyrite ( 50% GR. Soil N, P. K, S and Fe contents also increased variously 
with different manures. 
Brzozowska et al. (2008) at Olsztyn (Poland), (experimental station in 
Tomaszkowo), investigated the effect of herbicides and their combinations, as well as 
nitrogen fertilization method on wheat. The best yield was obtained by mixture of the 
two herbicides i.e., granstar 75WG + chwastox extra 300SL and granstar 75WG + 
starane 250 EC. Herbicides affected the yield of wheat. Kucharski and Wyszkowska, 
(2008) also at Olsztyn (Poland), worked on the influence of herbicide apyros 75 WG 
+ inorganic fertilizers on microbes, soil enzymes (dehydrogenase, urease, 
phosphatase) and yield of wheat with three different doses (standard, 10-fold, 100 
fold). They found that apyros 75 WG disturbed soil's homeostasis and depressed 
wheat yield even at recommended rate. Dehydrogenase and urease were most 
sensitive enzymes while phosphatase was most tolerative. In 2008, Podolska at 
Pulawy (Poland), noted the efficiency of fungicide named amistar on grain yield and 
yield components and some quality characteristics on two wheat cultivars. Amistar 
had a significant effect on most of the quality characters like protein, albumins and 
glutenins in both the cultivars. But grain yield and yield components like 1000 kernel 
weight were not affected. 
Gopinath et al. (2008) from Uttarakhand (India), reported the influence of 
different organic amendments like FYM, vermicompost and lantana compost at 
different rates and inorganic fertilizers (NPK) on wheat quality and yield and overall 
soil properties. For the organic amendment applied at equivalent N rates, grain yield 
was more with FYM, followed by vermicompost. Organic amendments improved the 
soil properties irrespective of rate and source while inorganic fertilizer showed higher 
levels of soil available N and P than organic amendments. They observed 23-65% 
reduction in wheat yield during 2 years of transition to organic production. On the 
similar lines while assessing the efficiency of different organic and inorganic 
fertilizers on rice and wheat crop during the year 2008 from Kanpur (India) Singh et 
al.. reported that the combined use of organic fertilizers with inorganic fertilizers can 
improve the soil properties as well as the yield. They concluded that cultivation of 
wheat and rice on the recommended dose of NPK alone decreased the organic carbon, 
available P. K content of soil while as organic manures like FYM, vermicompost, 
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green, manure and rice residue alone or together with NPK can improve the soil 
fertility and yield of the crop tested. 
At Gifu (Japan), Zai, et al. (2008) analyzed the influence of compost and green 
manure of pea plant residue with dried chicken manure and/ or rapeseed oil residue on 
soil fertility and nutrient uptake in wheat- rice cropping system. These compost 
enriched the soil with N. P, K and other nutrients and improved their uptake and yield 
parameters. During the same year, Jhala et al., from Canada, reported who showed 
that by the use of herbicide and proper seed rate yield can be improved. Low seed rate 
has higher weeds. They also found that pre application of pendimethalin @ 0.90 kg 
ha" recorded the least weeds and higher yield. Uptake of N, P and K by weed was 
maximum under no treatment of herbicides and low seed rate of wheat, while lowest 
under higher seed rate and use of herbicide. 
Rather and Sharma (2009) at Bulandshahr (India), while working on wheat 
indicated after their trials that by combined application of vermicompost, phosphate 
solubilizing bacteria (PSB) and zinc with 100% NPK can give higher grain and 
straw yield as compared to 50% NPK wheather applied alone or in combination with 
FYM, PSB ,Zn and vermicompost. In the same year, Singh et al., at Meerut (India), 
observed the impact of combined use of FYM, vermicompost and pressmud with 
NPK on rice and wheat. By the use of FYM or vermicompost or with both at lower 
rate of NPK, yield can be increased in their observations. Plant nutrients removal was 
more under NPK application. While vermicompost and FYM proved better over 
pressmud. Effect of various herbicides on growth, yield and on weeds in wheat was 
also studied by Hossain et al. (2009) at Bangladesh. According to their studies among 
four herbicides affinity 	kg ha"1 gave the maximum grain yield. In their opinion 
this could be due to low weed density and lower competition for light, air and 
nutrients adsorption by weeds compared to wheat. Zhao et al. (2009) from China, 
during their studies reported that FYM with NP fertilizers could be a better option to 
increase the yield and also to enhance the soil physicochemical as well as soil 
biological properties. After 25 years of trials they concluded that soil organic carbon 
(SOC) available N, P and soil enzymatic activities like protease, alkaline phosphatase 
and urease and yield increased with the application of FYM+ NP, while straw 
manure -±- NP increased the soil respiration, water retention and lowered the bulk 
density. 
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Kumar and Agarwal (2010) at Bareilly (India), while studying the impact of 
three different herbicides concluded that higher leaf area, nitrogen content, uptake of 
N and grain yield was noted with fenoxaprop- p- ethyl at 90 gai. ha' as compared to 
metsulfuron- methyl and metribuzin treatments. Fenoxaprop—p—ethyl decreased the 
growth and development of the weed (Phalaris minor) and increased the grain yield 
of wheat. They concluded that all herbicides reduced the leaf area, dry weight, 
nitrogen content, uptake and total dry weight of weeds significantly. 
- 	Kandil and Ibrahim (2011) from Cairo (Egypt), stated through their field 
experiments that recommended concentration of panther 55% SC, grasp 10% EC and 
sinal 10 SC increased the growth and yield. The chemical composition of wheat like 
crude protein, P and K percentage Fe, and Zn concentration in grains was also 
increased as compared to control. Dawar et al. (2011) while working at canterbury 
(New Zealand), tested the urease inhibitor N-(n-butyl) thiophosphoric triamide 
(NBPT-"agrotain') and herbicide on wheat yield and protein. They concluded that 
application of NBPT treated urea with herbicide produced 20% more grain yield and 
15% more protein content as compared to urea alone. 
During the year 2013, Khalil et al., at Peshawar (Pakistan), studied the 
comparative efficacy of different herbicides on yield and yield components of wheat 
(Triticum aestivum L.) The herbicidal treatments were the post-emergence application 
of affinity 50 WDG (eamfentrazon ethyl + isoproturon) @ 0.016, buctrilsuper 
(bromoxynil octanovate + heptanovate ester) io 1.23, puma super 75 LW 
(fenoxaprop-p-ethyl) @ 0.94, topik 15WP (clodinafop propargyl) (@ 0.04, topik 15 
WP + buctril super 60 EC (fenoxaprop-p-ethyl+ bromoxynil octanovate +heptmovate 
ester) @0.04+123,  puma super 75 LW - buctril super 60 EC (fenoxaprop-p-ethyl + 
bromoxynil occanovate+ heptanovate ester) @ 0.94 + 1.23 kg a.i h&' For effective 
weeds controll affinity 50 WDG proved to be the best treatment while maximum 
weed densities were recorded in weedy check. Similarly the maximum grain yield of 
4.072 t ha' was recorded in affinity plot followed by hand weeding plot and the plot 
sprayed with the mixture of buctril super + puma super with grain yield of 3.773 t ha-' 
and 3.483 t ha', respectively. Affinity 50WDG followed by the mixture of buctril 
super + puma super provided better results for the control of weeds in the wheat crop. 
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2.2. Effect of (pesticides) herbicides and fertilizers on other plants 
Eno and Everett (1958) from Atlanta (U. S.), while working on ten chlorinated 
hydrocarbon insecticides and stringless black valentine bean reported that different 
concentrations of insecticides affected the growth, microorganisms and nitrate content 
differently. BHC decreased the germination, while other insecticides increased or had 
no effect. After one month of application insecticides did not affect the numbers of 
bacteria. Only dieldrin increased the number of fungi, all other had no effect while 
DDT and BI-IC reduced the nitrate production. Higher concentration showed 
phototoxic symptoms on plants. 
In the year 1963. from Hawaii (Honolulu), Smith reported the effect of 
fumigants (D-D, EBD. BBC (1,2-dibromo-3-chloropropane)) and methyl bromide on 
different nutrients like Fe. Mn and P. They observed that fumigants reduced the 
uptake of Fe and P content in soil in relation to pineapple production. While increased 
the availability of Mn. 
Cole et al. (1968), in Pennsylvania, studied the effect of fungicide disulfoton 
and nematocide (DBCP) at two concentrations on maize and bean plants. They stated 
that at lower concentration of both increased the fresh weight of stems and foliage 
while higher concentration decreased it. Disulfoton at 100 ppm in beans increased 
N.P.K. Ca and Mg but decreased Fe, Cu, Al and Zn while Cu decreased with all doses 
in beans. In corn, Zn increased and Mn decreased with both chemicals and dosages. 
DBCP at both dosages decreased N. Ca, Mg, Mn and Sr, while K, Fe, Cu and Al 
increased. Cheng and Ouellette (1970) from Quebec, reported that the effect of soil 
treated with inorganic nitrogen fertilizers contained more available manganese than 
those treated with organic sources, except thiourea which increased it considerably 
after 2 months of incubation. They concluded that nitrogen sources influenced not 
only Mn availability. but also Mn uptake by potato plants grown in sand culture. 
Homma and Itoh (1977) at Tokyo (Japan), investigated the effect of herbicide 
named simazine on nutrient uptake by mulberry plants and observed that higher 
concentration decreased the N.P.K and other nutrients uptake. 
Tiyagi et al. (2004) at Aligarh (India), observed the effect of aldicarb, 
carbofuran, phorate, fensulfothion and fenamifos pesticides with 5, 10, 25 ppm 
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concentrations. While taking chickpea plant they studied plant growth parameters like 
length. weight. pod number, root nodulation and chlorophyll content. It was reported 
that the higher concentrations imposed the phytotoxic effect on plant with all the 
pesticides studied by them. On the contrary lower doses improved the growth related 
parameters. Among the pesticides carbofuran was most effective while fensulfothion 
the least. Khan et al. (2006) at Aligarh, conducted the trials with four herbicides 
(atrazine, metribuzin, isoproturon, sulfosulfuron) while taking different concentrations 
(200, 400 µg Kg) on plant growth, chlorophyll, protein content and seed yield. They 
reported that lower concentration of sulfosulfuron increased 10% seed yield of green 
gram and chlorophyll content, nodule number while atrazine decreased yield under 
both doses. Higher concentrations of atrazine and metribuzin showed phytotoxic 
effect and also reduced the nodulation and grain protein. Bansal and Gupta (2010) 
from the same place further studied different concentrations of oxamyl (pesticide) on 
macro, micro nutrients and growth of tomato and mustard plants. They observed that 
NH4 - N and available K decreased first then increased while nitrate and nitrite 
increased first then decreased. The available P also increased with time while Zn, Cu, 
Cd, Mn and Ni decreased after 30 days. The normal dose promoted the growth of both 
plants. 
Elliott and Edmunds, from St. Lucia (West Indies), in the year 1977, reported 
the effect of different concentrations of 1,2—dibromo-3—chloropropane (DBCP) on 
nutrients uptake and growth of tomato. They reported that lower concentrations 
increased the uptake of various nutrients like N, P, K, S. Ca, Mg and growth while 
higher concentrations showed the decreasing effects. 
Effect of soil applied aldicarb on growth, yield and chemical composition of 
tobacco plants was studied by Balayannis (1983) in Greece. It was observed that 
aldicarb did not affect the dry weight of the plants, where as water soluble sugar 
contents were increased in leaves while nicotine and crude protein contents were 
decreased. They also reported that Fe, Mn, Zn, were increased, while K, total ash and 
insoluble ash contents were decreased in leaves as well as in roots. 
Pederson et al., from Adelaide (Australia), in the year 1994, during their field 
study revealed the effect of three different concentrations of the herbicide metsulfuron 
methyl on root length, nutrient levels, grain protein and seed yield of barley. They 
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observed P. Zn, Mn, S and K reductions at different sites with higher doses which 
recovered later. At harvest, no nutrient reduction due to herbicide application was 
reported by them in grains. Also working with malting barley impact of different 
levels of nitrogenous fertilizers at different growth stages on growth, seed yield and 
yield components of malting barley was studied by Raethgen et al. (1995) in USA. 
They observed that high rates of N applied in growing season stimulated tillering but 
did not produced the spikes. Nitrogen applied at Z-30 (end of tillering) promoted 30% 
to 100% increase in kernels' spike over control. They indicated that small amounts of 
available N at sowing were enough for crop establishment and initial tiller 
development. Taking the same crop, spring barley Bromilow et al. (1999) at 
Rothamsted (U.K.), during their studies assessed the impact of five pesticides applied 
for 20 years . Deleterious effect on crop productivity was not observed by them due 
to the pesticide application. A minor increase in microbial biomass carbon (MBC) in 
plants receiving aldicarb was however observed. 
Elamin and Elagib (2001) in Sudan, tested the efficacy of organic and 
inorganic fertilizers in two different types of soils while growing corn plants in pots. 
They found that fresh weight and leaf N,P,K contents were higher in organically 
fertilized soil than the inorganic application. They concluded that chicken manure was 
better than inorganic fertilizers. Between the two soils studied by them plant growth 
was better in vertisols soil than Aridisols soil. Tiwari et al., at Kanpur (India), during 
the same year, examined the effect of different biocides (BHC, zirum, butachlor) and 
organic manure, blue green algae (BGA) with recommended NPK on yield and its 
attributing characters in rice and also on soil productivity. They reported that yield 
increased with the use of organic manure (FYM) at 10 t hat . Quality of seeds 
(specially the crude protein, lipid and total amylase %) was also enhanced. While 
among the biocides taken by them BHC was best followed by zirum and butachlor. 
Chen et al., (2001) from Columbus (USA.), further reported the assessment of 
benomyl and captan on soil enzyme activities (dehydrogenase, urease, acid 
phosphatase) and on extractable inorganic nitrogen, SIR (substrate induced 
respiration) plant growth using chopped wheat straw and alfa alfa leaves. Fungicide 
treatment reduced SIR, all activities, microbial biomass nitrogen (MBN) and 
dissolved organic nitrogen, while urease activity, NH4'. NO3 - N concentrations were 
increased by fimgicides. Captan increased the nitrogen uptake and plant biomass. It 
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had long lasting effect than benomyl. Both fungicides differed in their response they 
concluded. 
Prasad et al. (2002) at Gainesville (USA), while studying the impact of 
different organic (green manure; crotalaria, sesbania and FYM) manures and 
inorganic fertilizers concluded that application of crotalaria and sesbania @ 10 t ha" 
increased the yield of rice by 1.6 and 1.1 t ha' and pod yield of groundnut crop 
succeeding rice by 0.25and 0.16 t ha"1 respectively. Spacing was also observed and it 
gave better growth in groundnut only. Integrated use of NPK fertilizers @ 120: 26: 
37 and 30: 26: 33 kg ha- ' in rice and groundnut respectively gave better growth with 
green manure. 
Kabambe (2002-2003) while working at 5 sites in Malawi investigated the 
effect of herbicide (metolachlor) and fertilizer on weed control and on maize yield. It 
was observed that the use of herbicide suppressed the weed and increased the yield 
from 1448 to 1793 kg ha" and 1677 to 2077 kg ha" at different sites. Bansal (2003) 
at Aligarh. studied the role of three carbamate pesticides with different concentrations 
on uptake of micronutrients such as Cu, Mn, Fe, Zn and B on three different types of 
soils while growing barley. He found that uptake of micronutrients increased with 
lower doses. The concentration of micronutrient was in the same order in soil and the 
crop. 
A field study was conducted by Reddy et al. (2003) at Stoneville. In their 
experiment they reported the effect of herbicide and tillage, cover crop on weed, soil 
properties (pH, organic matter, No3 N, So. S and Mn), FDAH (fluorescein diacetate 
hydrolysis) activity and on soybean yield. They tested rye and crimson clover residues 
as cover- crop residues. They applied herbicides like metolachlor, flumetsulam, 
acifluorfen. bentazon and clethodim and reported that use of herbicides as pre or post 
or combindly increased the soybean yield and controlled the weed densities. 
Wyszkowska and Kucharski (2004) at University of Warmia and Mazury in 
Olsztyn (Poland), analyzed the effect of different rates of herbicide triflurotox 250 
EC on the soil enzymatic activities (dehydrogenase. urease, acid and alkaline 
phosphatase) and also on the growth of spring rape and white mustard. They revealed 
in their study that spring rape and white mustard were vulnurable to higher 
concentrations of triflurotox 250 EC. Soil enzymatic activities were also decreased 
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with higher concentrations. Jastrzebska and Kucharski (2007) also at same place 
conducted pot experiments with two fungicides namely swing top 183SC and unix 75 
WG with and without barley plants. They analyzed the effect of these fungicides on 
soil dehydrogenase, urease, phosphatase (acid, alkaline) activity and yield of barley. 
They noted that fungicide application inhibited the dehydrogenase and urease activity 
and also decreased the yield. Lower dose favoured these activities and yield of barley. 
During the year 2004 combined effect of inorganic fertilizers and herbicides 
(butachlor and bensulfuron methyl - metsulfuron methyl) on rice crop was 
investigated by Xiao-mei et al., at Hangzhou (China). They reported that application 
of herbicides and/or fertilizers alone decreased the soil microbial biomass, 
phospholipid contents, heterotrotric and proteolytic bacteria while soil dehydrogenase 
activity was increased with NPK application alone or combined with herbicide. In a 
pot experiment Lu- sheng et al. (2005) also at the same place observed the variation 
in microbial biomass carbon (MBC), microbial biomass nitrogen (MBN), soil 
respiration, metabolic quotient, chlorophyll content, enzymatic activities, proline 
content and peroxidase activity (POD) in rice. During their study they observed that 
MBC. MBN, soil respiration and urease activity was initially increased however, it 
decreased later. Dehydrogenase and acid phosphatase activity and chlorophyll content 
descended first and ascended later while POD increased, and proline content 
decreased gradually. Impact of various fertilizers treatments by Yu et al. (2011) at 
shenyang also in China was observed on micro nutrients status while growing maize 
and soybean. They observed that micronutrients inputs by mineral fertilizer were 
lower than those of organic manure. 
Field trials were conducted on ten genotypes of barley with herbicide (2,4-D) 
and fertilizers by Al- Tawaha et al. (2005) in Canada. It was observed that the 
fertilizers recorded the maximum grain yield, spikes m'2 and grains spike' in two 
growing seasons, but it was not affected by herbicide application. Effect of 
chlorpyrifos and quinalphos on soil dehydrogenase activity (DHA) and reduction of 
Fe'; in the soils of semi arid fileds of tropical India was worked out by Menon et al. 
(2005) at New Delhi (India). Seed dress and crop treatment with chlorpyrifos and 
quinalphos of groundnut showed inhibitory and stimulatory effects. DHA and 
reduction of Fe+3 was inhibited by quinalphos, where as chlorpyrifos stimulated it. 
With recommended dose of the two pesticides tested groundnut yield was increased. 
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A field trial with recommended rates of four herbicides (butachlor, 
fluchloralin, oxadiazon and oxyfluorfen) on rice crop was conducted by Das and 
Debnath (2006) in West Bengal (India). Impact of these herbicides on soil aerobic non 
symbiotic N2 fixing bacteria, phosphate solublizing micro organisms in relation to soil 
available N, P and seed yield was obsereved. These parameters were increased by 
oxyfluorfen the most followed by fluchloralin, oxadaizon and butachlor. The grain 
and straw yield was also increased due to the use of these herbicides. 
Combined effect of four pesticides with different concentrations (0.25 g 1'1, 
0.5 g 1.1, 0.75 g l) on soybean growth (Leaf area ratio, leaf area index, specific leaf 
area, net assimilation rate, leaf weight ratio) and total phenols in root, shoot, protein 
and lipid content was noted by Siddiqui and Ahmed (2006) at Karachi (Pakistan). 
They observed that lower dose promoted the maximum growth, lipid and protein 
content. They also recorded 114% and 220% increase in total phenols at vegetative 
stage where as 50%, 166% and 163% at late fruiting stage with high pesticide 
counteractions. Impact of six herbicides (metribuzin, pendimethalin, bromoxynil + 
MCPA. s-metolachlor. clodinafop- propargyl, isoproturon) on weed density and yield 
of onion was evaluated by Hussain et al. (2008) also working in Pakistan. They found 
that weed count was lower by hand weeding followed by pendimethalin treatment and 
it also increased the bulb size of onion, count and yield as compared to control. 
Monkiedje et al. (2006) at Yaounde (Cameroon), analyzed the effect of 
different cultural practices with agrochemicals like fungicides, herbicides and 
insecticides on different cropping systems (lettuce, tomato, corn, sugarcane, cocoa) on 
different soil enzymatic activities (dehydrogenase, acid phosphatase, glucosidase), 
MBC (microbial biomass carbon), MBN (microbial biomass nitrogen), soil pH, 
organic carbon and soil available P. They concluded that soil with lettuce, tomato 
cropping system and organic fertilization have high enzyme activities, organic carbon 
and soil P as compared to other crop systems. Singh and Singh (2006) at Delhi 
(India). reported the effect of three insecticides on ammonium, nitrate, nitrite and 
NRA (nitrate reductase activity) in groundnut field, treated differently as seed or soil 
treatments. Diazinon seed treatment was not effective to all parameters whereas 
diazinon in soil increased NII.( — N upto 90 days, while decline in NO2' - N was 
found up to 60 days. NO2' - N and NRA increased up to 30 days only. The other 
insecticide lindane seed treatment increased the NH4+-N NO2'- N and NRA but No;' 
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N decreased. whereas imidacloprid seed treatment increased NO2 - N and decreased 
NH4--N, NO2 -N and NRA. 
In vitro studies on cowpea rhizoplane microbial community and soil 
dehydrogenase activity after the application of different concentrations of heavy 
metals (Co, Cd. Zn, Fe, Ni and Hg) and pesticides (atrazine 80«' and northrin IOEC) 
were performed by Nweke et at. (2007) in Nigeria. They reported that heavy metals 
and pesticides were potentially toxic to cow- pea root surface micro organisms. In soil 
toxicity to nitrogen fixation processes was also noted which affected yield. Lower 
concentration promoted the dehydrogenase activity and higher inhibited it. 
Ed- Haun et al. (2007) at Taipei (Taiwan), studied the impact of different 
levels of organic compost as compared to inorganic fertilizers after cultivating 24 
different vegetable crops for three years on soil enzymes and biological properties. 
They noted that under normal rates pH, SOM (soil organic matter), total N, soil 
enzymatic activities (dehydrogenase, urease, phosphatase, protease, cellulase, 
arysulphatase, (3—glycosidase), fungal and bacterial population were higher in organic 
fertilized soil than the soil fertilized with inorganic fertilizer. High dose of organic 
matter had reverse effect. 
Kumar et al., 2007. in Karnataka (India). observed the effect of different 
organic fertilizers (FYM, green leaf manure, residues of sorghum, poultry manure, 
vermicompost) and different rates of NPK on dry matter of leaf, stem, cob yield, 
yield attributing characters including uptake of N,P, K. Under different rates of 
inorganic fertilizers 100% recommended dose of fertilizers (RDF) recorded higher dry 
matter in leaf, stem, NPK and yield parameters in maize as compared to 50 and 75% 
RDF. In continuation Kumara et al., during the same year conducted field trials on 
finger millet with weedicides (2,4-D and butachlor), NPK alone and NPK + FYM @ 
7.5 t ha"' and observed different yield parameters. Their results showed that 
weedicide application and combined use of NPK + FYM increased the yield by 
increasing ear length, 1000 grain weight, number of fingers ear head"', ear weight 
plant"'. and grain weight plant- '. In their opinion weedicide use caused less cost on 
weed control. Chopade et al. (2007) at Sangli (India), observed the effect of three 
pesticides, endosulfan, lindane and dichlorovos, on chlorophyll content while 
observing various vegetables. They noted that among the pesticides endosulfan 
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decreased the total chlorophyll the most as compared to other two. A comparison 
between organic manures (vegetables and animal compost), conventional system of 
use of different herbicides and NPK fertilizers after 3 years of trial was made by 
Melero et al. (2008) in Spain. They treated potato, tomato, carrot, spinach and lettuce 
with organic manures and evaluated their impact on total organic carbon (TOC), 
microbial biomass carbon (MBC), Olsen P, kjeldahl nitrogen and ammonium 
extracted potassium (AAK), microbial biomass nitrogen (MBN) and enzymatic 
activities like dehydrogenase. protease, glucosidase, alkaline phosphatase, soil 
respiration, MBC / TOC. In their study they found that organically fertilized soil had 
increased TOC, organic matter, nutrients and high enzymatic activities as compared 
to inorganically fertilized soils. 
Impact of organic manures like poultry droppings (PD), burnt rice husk dust 
(BRHD), unburnt rice husk dust (UBRIID) and inorganic fertilizers on soil properties 
like bulk density, CEC, pH, and soil available P. N and organic carbon and also on 
maize yield was evaluated in Nigeria, by Mbah and Onweremadu (2009). They noted 
that UBRHD and BRHD improved the soil properties, nutrients, organic carbon and 
yield as compared to inorganic fertilizers and PD . Also in Nigeria to asses the effect 
of different rates of nitrogen and phosphorus fertilizers on growth and yield of maize, 
a field trial was performed by Onasanya et al. (2009). Among different rates, 120 kg 
N ha'+ 40 kg P ha'' significantly enhanced the grain yield while 120 kg N ha' + 0 kg 
P ha'i and 60 kg N ha 1 + 40 kg P ha'' increased the maize growth than other 
treatments. 
While working on okra vegetable with organic fertilizers (processed 
municipality wastes (PMW), vermicompost (VC), oil cake pallets (OCP) and FYM 
and in combination with microbial culture (FYM + MC) and also the inorganic 
fertilizers, Rakshit and Sen (2008) from U.P (India), reported an increase in okra yield 
and uptake of micro and macro nutrients. They observed that fruit yield and uptake of 
nutrients (macro and micro) increased in FYM treated soil the most as compared to 
other fertilizer sources due to higher retentivity of the nutrients, water and air. Glover-
Amengor and Tetteh (2008) in Ghana, worked on tomatoes, egg plant and okra with 
four pesticides (lindane, dithane, karate and unden) considering yield, bacterial and 
fungal population. During their study different pesticides worked differently. They 
found that higher concentration of all pesticides decreased the microbial population 
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and yield of vegetables while lower doses favoured it. Lalfakzuala et al. (2008) in 
Meghalaya (India), assessed the influence of NPK, FYM and combination of NPK + 
FYM on soil microbial component, chemical properties and groundnut yield. 
Microbial activities were more under FYM and FYM + NPK where as NPK alone 
have low influence on it. They also noted high microbial carbon under NPK + FYM 
and yield was also increased. Groundnut cropping also increased total organic carbon, 
available and total nitrogen (TN) and potassium (K)in soil. 
Cakmak et al. (2009) from Turkey, reported the effect of different doses of 
glyphosate on soybean plant growth. They investigated that in leaf P and Cu 
increased, while Mn, Fe and Mg reduced. In seed Ca, Mg, Mn, Fe were decreased 
while N,P,K,Zn,Cu increased. Bejbaruha et al. (2009) at Kolkata (India), investigated 
the impact of organic and inorganic sources on rice and succeeding winter crops like 
linseed. niger and barley. The maximum grain yield, biomass production and N,P 
uptake of rice were recorded under 100% NPK treatment. Among succeeding crops 
linseed recorded maximum rice equivalent yield. 100% N supplied through 
vermicompost also registered maximum rice equivalent yield. While 25% VC+ 75% 
NPK recorded maximum NPK uptake. Green house (GI-1) and open field (OF) trials 
were performed with different rates of organic manures (15,30,45t ha-1) combined 
with nitrogen fertilizers to evaluate the efficiency of fertilizers on soil enzymatic 
activities with different crop rotations like tomato, snap-bean, lettuce in (GH) and 
tomato or egg plant and endive and/or broccoli sprout in (OF) by Lovieno et al. 
(2009) in Itlay. Soil enzymatic activities (phosphatase. FDA hydrolysis, 13 
glgcosidase, arylsulphatase) increased in organically amended soil as compared to 
other treatments due to high organic carbon. 
Parween et al. (2011) at New Delhi ,while investigating the effect of different 
concentrations of chlorphyrifos on growth, chlorophyll and yield of mungbean 
observed that only lower concentration (0.3 mM) was useful in enhancing the growth 
parameters ,chlorophyll a, b and total chlorophyll contents and also the yield 
attributing characters. A field experiment was conducted at Rajendranagar, 
Hyderabad by Vandana et al. (2012) to study the effect of butachlor and cyhalofop-
butyl and nutrient management practices on soil urease, phosphatase and 
dehydrogenase activity in a clay loam soil using rice as test crop. The effects of 
herbicides on soil enzyme activity showed that there was an increase in soil enzyme 
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activity from 0 to 60 days after transplanting of the crop irrespective of the treatment 
of the soil. The effect of nutrient management on enzyme activity showed that, 
urease, acid phosphatase and alkaline phosphatase activity was increased with number 
of days and attained maximum activity at 60 days after transplanting (DAT), 
thereafter the activity decreased gradually to original level at 105 DAT. 
Shilpashree et al. (2012) at Banglore (India), assessed the influence of organic 
+ inorganic fertilizers with different levels of nitrogen on maize yield and total N, P, 
K uptake. They found that 100% N+ 7.5 t ha"' FYM recorded the maximum yield 
followed by 150% N +7.5t ha 1 FYM as compared to other treatments. Dubey et al. 
(2012) at Pantnager (India), studied the effect of different organic ,inorganic + 
microbial culture (rhizobium) on nutrient uptake, yield and protein content of 
fenugreek. They observed that vermicompost c 5t ha' along with rhizobium + 40 kg 
N ha 1 gained maximum protein content, yield and N uptake. 
2.3. Effect of (pesticides) herbicides / fertilizers on soil 
There are number of studies undertaken while different herbicides/ pesticides/ 
insecticides/bactericides/fungicides with or without fertilizers on soil physicochemical 
properties. microbial populations, soil enzyme activities, macro and micro nutrient 
availability. Mentions may be made of Singhal and Singh, (1973 and 1974): Singhal 
et al.. (1976a, b); Singhal and Singh, (1977); Bansal, (2002) Aligarh (India). 
Smith and Weeraratna, (1975) Kent ; Viassak and Livens, (1975) Iieverlee 
(Belgium) , Davies and Marsh, (1980) and Greaves et al. (1981) at Oxford (U.K.); 
Rangaswamv and Venkates%varlu, (1993) Anantapur (India) ; Lodhi et al., (1994) 
Faisalabad (Pakistan) ; Pozo et al. (1994) in Spain ; Martinez-Toledo et al., 
(1996)also in Spain; Shukla, (1997) at Shillong ; Perucci et al,. 2000 (Italy); Chen et 
al., 2001 .Columbus (USA) ; Omar and Abdel-Sater, (2001) Egypt; Milosevic and 
Govedarica.(2002) Yugoslavia: Rahman et al. (2003) Bangladesh ; Rahman, et al., 
(2005) , Korea. Araujo et al. (2003) Brazil ;Kalam et al., (2004), Burdwan (India); 
Demanou et al., 2004 (Cameroon); Marsh. (2006) Oxford; Ayansina and Oso. (2006) 
Ibadan (Nigeria); Stepniewska et al. (2007) Lublin (Poland) ; Bielinska and Pranagal, 
(2007) while working in Lublin, Poland; Das and Mukherjee, (1998a, b), (1999), 
(2002 a, b) Mohanpur, West Bengal ; Sardar and Kole, (2005) ; Das et al., (2007) 
Dutta et al., (2010) Mohanpur (India) ; Piotrowska-Seget et al., (2008) also in Poland; 
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Caceres et al., 2009, Ma«wson Lakes (Australia); Sebiomo et al., (2011), Ago-Lwoye 
(Nigeria); Cycon et al., (2013) Poland. 
Similarly some other studies have been made to work out soil physical, 
chemical and biological properties while using either different organic or inorganic 
fertilizers alone or together . Some of them are Cooper and Warman, (1997) Canada; 
Dinesh et al.. (1998) Andaman and Nicobar islands (India); Bhattacharyya, et al., 
(2005), West Bengal (India) ; Kannan et al. (2005) Madurai (India); Azarmi et al., 
(2008). Iran; Pant et al. ,(2009) Honolulu; Das and Dkhar, (2011) Shillong (India). 
From the above references cited it may be observed that not sufficient studies 
have been made on the use of pesticides, inorganic and organic fertilizers while 
growing wheat in pots and field in Indian context. 
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CHAPTER -III 
MATERIALS AND METHODS 
To obtain the optimum dose of herbicide while applying alone or in 
combinations of fertilizers (inorganic and organic), two pot experiments were 
conducted in the net house of Botany Department, Aligarh Muslim University, 
Aligarh (U.P.) India on wheat (Trilicum aeslivum L.) var PBW 343 during the "rabi" 
(winter) seasons. Experiment I in Aligarh soil and another in Bulandshahr soil with 
uniform doses of inorganic (NPK) and organic (vermicompost) fertilizers were 
performed. While in the following year a field experiment was performed in the field 
located at agriculture farm Bhujpura (Aligarh). In this chapter description of 
materials used for the study and the methods adopted for the experimentation and 
determination of various traits have been taken into account. 
3.1. Botanical description of wheat (Triticum aestivum L.) 
Wheat is a member of Poaceae family. There are two types of wheat, winter 
and spring reflecting the time of the year the seed is planted. Roots are adventitious 
and the main axis only develops lateral branches from the base called tillers. Spikelet 
are the basic units of inflorescence arranged systematically and distributed along the 
central axis called rachis'. Florets enclosed by 2 sterile glumes forms the spikelet. 
Flowers are sessile, hermaphrodite, zygomorphic and hypogynous. The androccium is 
formed from 3 stamens with long filaments and versatile anthers while gynoecium a 
single carpel ovary is unilocular, superior with 2 short styles having basal 
placentation and the fruit type is 'caryopsis'. The seeds of Trilicum aeslivum var. 
PBW 343 were obtained from Indian Agriculture Research Institute (IARI), Now 
Delhi. This variety of wheat was developed by Punjab Agricultural University (PAU), 
Ludhiana and was released in 1996. It is highly resistant to stem and leaf rust diseases 
possessing good straw strength resulting in high degree of lodging tolerance. Grain 
are semi hard to hard amber and of high quality for making bread. This variety is 
identified for the timely sown and irrigated conditions of North — Western plain zone 
consisting of Punjab, Haryana, Rajasthan, parts of Jammu, and Western Uttar Pradesh 
where Aligarh is situated. More than 95 percent of the wheat area in India is situated 
North of a line drawn from Bombay to Calcutta and rest of the other places also in 
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small amounts. In India there is only "Rabi (winter season)" wheat crop cultivation. 
Maximum wheat production comes from U.P. (Figure 3.1) 
3.2. Agroclimatic conditions of Aligarh 
Aligarh a small industrial city having an area of 5,024 Sq km is situated at 27°  
52'N latitude, 78°  51'E longitude and 187.45 m altitude above the sea level in the mid 
of doab. the land between Ganges and Yamuna rivers. This city is situated in Western 
Uttar Pradesh of Northern India and is 135 km away from Delhi, the capital city of 
India. Aligarh has a semi and and subtropical climate with hot dry summers and cold 
winters extending from October to March ("rabi" season). The summer extends from 
April to June with a gradual increase in temperature which attains its peak, sometimes 
in the month of June upto 46°C. The mean temperature for December and January the 
coldest months ranges between 13°C — 15°C respectively. Sometimes it may go as low 
as 0.5°  C (Figure 3.2). The average annual rainfall remains between 600-700 mm. The 
maximum rainfall i-e more than 85% occurs during the span of three months from 
July to September. The remaining rainfall occurs during winter season — useful for 
"rabi (winter)" crops (Figure 3. 3). Various types of soils are found in different areas 
of the district such as sandy, loamy, clayey loam and sandy loam. The soil used for 
the present study was sandy loam. 
3.3. Agroclimatic conditions of Bulandshahr 
The total geographical area of the district Bulandshahr is 4322 Sq kms. It is 
also situated between the Ganges and the Yamuna rivers. This district is surrounded 
in the East by Badaun. Moradabad and in the West by Gautam Budh Nagar, in the 
North by Meerut and Ghaziabad, while Aligarh lies to the South of it. The geographic 
coordinates are defined by N latitudes 28° 04' to 28° 43' and E longitudes 77° 08' to 
78° 28'. The altitude of the district is 237.74m above the sea level. The climate is 
generally dry and subtropical with hot dry summers and cold winters from October to 
March like Aligarh. The summer season extends from April to June and temperature 
increases even up to 470  C sometimes while ,inter temperature ranges between 13°C 
— 15°C. Average Annual rainfall remains around 696-700 mm. The soil is very fertile 
for agriculture. Wheat and sugarcane are the main crops produced in the district. The 
types of soils found in district are sandy loam, loam silty loam and sandy clayey 
loam. 
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Table 3.1 - Details of herbicides tested 
Common name 	Chemical family Chemical name Doses gai. ha' 
Pendimethalin 	Dinitroaniline N-(1 — ethylpropyl) — 3, 4- dimethyl -2,6 — 1000 
dinitrobenzamine 
Metribuzin 	Triazinone 4 -amino — 6- (1,1- dimethyl-ethyl) -3- 175 
(methylthio) -1, 2-4- triazin -5 (4H-) one 
Clodinafop Aryloxypheoxyp (2R) 	-2- 	[4 	—[5 	chloro-3- 	fluoro 	-2- 6.0 
ropionic pyridinyI- oxy] phenoxy] propanoic acid 
2,4-D Phenoxyacetic 2-(2. 4 dichlorophenoxy) acetic acid 0.500 
Metsulfuron- 	i Tr iazinylsulfonyl Methyl 2 —[[[[(4-methoxy -6- methyl-1, 3, 4.0 
methyl 	urea 5- triazin - 2- yl) amino] carbonyl] amino] 
sulfonyl] benzoate 
Pendimethalin 	 Metribuzin 
CH l 
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-CHZ-CH3 /CH 
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Figure 3.4. Chemical structure of herbicides 
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3.4. Fertilizers applied 
3.4.1. NPK and verinicompost 
The NPK fertilizers were calculated on the basis of their composition and that 
one hectare of land contains 2x106  kg effective soil (Singh, 1988) and each pot had 5 
kg soil. Urea, single super phosphate and muriate of potash (N, P, K) were used as the 
nitrogen, phosphorus, potassium source respectively. Fertilizers were added to the 
pots one day prior to sowing with the light application of water so as to provide 
necessary moisture for seed germination and to avoid seed injury. Vemmicompost was 
added at the recommended rate of 5 t ha' and calculated to 5kg soil pof'. It was also 
added to soil one day prior to sowing with suitable quantity of water for proper seed 
germination and soil moisture maintenance. 
3.5. Pot preparation and sowing 
Before the start of each experiment earthen pots of 10 diameter were placed 
in the net house of the Department of Botany, A.M.U. Aligarh. Each pot was filled 
with 5 kg of farm soil Soil was filled according to soil types (Aligarh and 
Bulandshahr). I lealthy looking and clean seeds of wheat var. PBW 343 were surface 
sterilized with 0.01% aqueous solution of mercuric chloride for 2 minutes. Surface 
disinfected seeds were then washed with double distilled water (DDW) and air dried 
in shade. Ten seeds per pot were sown manually so as to avoid germination failure in 
earthen pots containing soil applied with different doses of herbicides and fertilizers. 
After establishment of the seedlings, plants of more or less uniform size were thinned. 
The pot experiments were conducted according to the scheme of treatments (Table 
3.2a, 3.3a). Experiment I was conducted in pots filled with Aligarh soil, while 
experiment II was conducted in Bulandshahr soil. Irrigation was started after the 
seedling emergence and each pot was given 300 nil of water on alternate days 
uniformly up to the maturity of the crop. Three samplings were undertaken at 30, 60, 
90 days for leaf chlorophyll content and five samplings at 0, 30, 60, 90, 120 days for 
soil analysis. Plants were harvested at maturity and yield parameters were noted and 
threshed manually. 
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Table 3.2a Scheme of the treatments for experiment I (pot) 
ALIGARH SOIL 
(Herbicide alone) 
I lerbicide dose Treatments Remarks Metribuzin 	ai. ha- 
Control(c) 0 No herbicide 
Metribuzin 100 Herbicide alone 
Metribuzin 	 175 Herbicide alone 
Metribuzin 	 250 Herbicide alone 
Note:- Metribuzin was applied as post emergent herbicide. 
(Herbicide with uniform dose of NPK 
Treatments Herbicide dose Remarks jai. ha"1 (NPK Kg ha ")) 
Control(c) +NPK 0 120, 60, 40 
Metribuzin+NPK 100 +120, 60, 40 
Metribuzin+NPK 175 +120, 60, 40 
Metribuzin+NPK 250 +120, 60, 40 
Note :- NPK dose for pots were calculated on the basis of their composition and that 
one hectare of land contains 2 x 106 kg effective soil and each pot has 5kg soil. 
(Herbicide with uniform dose of vermicompost) 
Herbicide dose 	 Remarks Treatments gai. ha-I Vermicompost (t ha "1 ) 
Control(c) +V 	 0 	 5 
Metribuzin +V 100 +5 
Metribuzin +V 175 +5 
Metribuzin +V 250 +5 
Note:- Vermicompost dose was calculated on the basis that one hectare of land 
contains 2x 106 effective soil and each pot having 5kg soil. 
Table 3.2 b Model of analysis of variance (ANOVA) of experiment I (pot) 
(CRBD) 
Source of 
variation 
dl' SS MSS 	F.value Sig 
Replications 2 
Fertilizers 2 
Herbicides 3 
Interactions 6 
Error 22 
Total 35 
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Table 3.3a Scheme of the treatments for experiment iI (pot) 
BULANDSHAHR SOIL 
Herbicide alone 
Treatments Herbicide dose 	i Pendimethalin gai. ha Remarks 
Control(c) 0 No herbicide 
Pendimethalin 	 500 Herbicide alone 
Pendimethalin 1000 Herbicide alone 
Pendimethalin 1500 Herbicide alone 
Note:- Pendimethalin was applied as pre emergent herbicide. 
(Herbicide with uniform dose of NPK) 
Treatments 	 Herbicide dose gai. ha'' 
Remarks 
(NPK Kg ha'} ) 
Control(c)+NPK 	 0 120, 60,40 
Pendimethalin +NPK 500 +120, 60, 40 
Pendimethalin +NPK 1000 +120, 60, 40 
Pendimethalin -NPK 1500 	 +120,60,40 
Note :- NPK dose for pots were calculated on the basis of their composition and that 
one hectare of land contains 2 x 106 kg effective soil and each pot had 5kg soil. 
(Herbicide with uniform dose of vermicompost) 
treatments Herbicide dose gai. ha"1 
Remarks 
Vermicompost (t ha 1 ~ 
Control(c)+V 0 	 1 5 
Pendimethalin +V 500 +5 
Pendimethalin -V 1000 +5 
Pendimethalin +V 1500 +5 
Note:- Vermicompost dose was calculated on the basis that one hectare of land 
contains 2x 106 effective soil and each pot had 5kg soil. 
Table 3.3 b Model of analysis of variance (ANOVA) of experiment II (pot) 
(CRBD) 
Source of 	df 
variation 
SS MSS F.value Sig 
Replications 2 
Fertilizers 2 
Herbicides 3 
ti Interactions 6 
Error 22 
Total 35 
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3.6 Experiment I (Aligarh soil) in pots 
This experiment was performed using one herbicide "metribuzin" in three 
concentrations, with uniform dose of NPK (inorganic fertilizer) and vermicompost 
(organic fertilizer) in the soil of Aligarh to evaluate the response of wheat. Three 
doses were soil applied as post emergence (Table 3.2 a). The herbicide was applied in 
soil after a survey in area and consideration of local farmers. The effect of different 
doses of herbicide on soil enzymatic activities, soil physico chemical parameters and 
chlorophyll content. growth, grain yield and its parameters was observed. The 
treatment of NPK was also given simultaneously (Table 3.2 a) to evaluate the 
combined effect of herbicide with fertilizers. To compare inorganic fertilizer, organic 
fertilizer was also added as another treatment to study the comparative effect of 
different concentrations of the herbicide metribuzin with Vermicompost and of 
NPK (Table 3.2a). The design of the experiment was complete randomized block 
design (CRBD) with three replications .Sowing was done in second week of 
November and harvesting in first week of April respectively. 
3. 7 Experiment II (Bulandshahr soil) in pots 
This experiment was also conducted in pots but in the soil of Bulandshahr to 
evaluate the different doses of "pendimethalin". Three doses were applied to soil as 
pre emergent herbicide. In Bulandshahr district pendimethalin is most frequently used 
herbicide for controlling the weeds in wheat therefore it was selected for this study. 
The design of the experiment was also CRBD with three replication of each treatment. 
In this study effect of different doses of "pendimethalin" on soil enzymatic activities, 
soil chemical and physico chemical properties, leaf chlorophyll content, growth and 
yield parameters of wheat were studied according to the scheme of treatments (Table 
3.3.a). In this experiment also simultaneously pendimethalin treatments with uniform 
dose of NPK fertilizers was added to the soil to evaluate the combined effect of 
pendamethalin and NPK. In this experiment also NPK was compared with 
vermicompost which was also given as uniform dose with different concentrations 
of pendimethalin. The aim of this pot trial was to study the comparative effect of 
different doses of herbicide as well as inorganic and organic fertilizers. These 
observations were recorded at intervals of 0, 30, 60, 90, 120 days and at harvesting. 
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Sowing and harvesting was done in second week of Nov and in first week of April 
respectively (Table 3.3.a). 
3.8 Experiment III (Aligarh soil) in field 
This experiment was also conducted along with experiments II. Three more 
herbicides were added in this experiment in addition to two applied in earlier pot 
experiments (Table 3.4.a). These herbicides were selected on the basis of their 
frequent use by the local farmers of Aligarh. 
3.9. Field Preparation, sowing and harvesting 
After thorough ploughing and leveling the field was divided in to 5m2 plots 
leaving 20cm distance between rows. Different doses (low, medium and 
comparatively higher) of different herbicides (2 pre and 3 post) prior to sowing and 
after sowing were applied to soil. Inorganic fertilizers NPK were broadcast before 
sowing of wheat. One half dose of nitrogen fertilizer was applied after 15'h days of 
sowing. Sowing was done manually. Seeds were sown at the rate of 100kg ha"'. 
Irrigation was done 6 times at different growth stages of wheat crop. First irrigation 
was done at CRI stage (crown root initiation) at 20 days, second at 40 days, third at 60 
days, fourth at 80 days. Fifth at milky grain stage i-e. 100 days and last at dough stage 
at 115 days. Seeds were sown in second week of Nov. and the crop was harvested in 
first week of April manually. The harvested crop was brought in the lab and the grains 
were also thrashed manually. 
3.10. Statistical analysis of the collected data 
The data obtained were analyzed statistically according to Gomez and 
Gomez (1984). Analysis of variance (ANOVA) was given (Tables 3.2b, 3.3b and 
3.4b) on the data and level of significance was determined for the treatments. The data 
were declared significant if F value observed were higher than the tabular F value. For 
signifying data least significant difference (LSD) was calculated to compare the mean 
value of the treatment Correlation coefficient values (r) of chlorophyll content and 
yield attributes were also undertaken. 
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Table 3.4a Scheme of the treatments for experiment 111 (field) 
ALIGARH SOIL 
Treatments 
(Herbicides) 
Herbicide dose 
(gal. ha') 
Remarks 
(NPK Kg ha') 
Control No herbicide No fertilizer 
500 120, 60, 40 
Pendimethalin 1000 120, 60,40 
1500 120,60,40 
100 120,60,40 
Metribuzin 175 	 120, 60. 40 
250 	+ 120, 60`, 40 
4.0 120, 60, 40 
Clodinafop 6.0 120,60,40 
8.0 120,60,40 
.250 120, 60, 40 
2,4 —D .500 120, 60,40 
.750 ]A60,40 
2.0 120,60,40 
Metsulfurom methyl 4.0 120, 60, 40 
6.0 120,60,40 
Table 3.4.b Model of analysis of variance (ANOVA) of experiment III (field) 
Source of variation df SS Mss F. value Sig 
Replications 2 
Treatments 4 
Doses 3 
Interactions 12 
Error 38 
Total 	 59 
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3.11. Soil sampling and physicochemical characteristics of the soil 
Before sowing of wheat soil samples were taken in small quantity randomly 
from experimental pots/field and mixed well and grounded with the help of mortar 
and pastel and passed through a 2 mm sieve and then analyzed for various 
physicochemical characteristics (Table 3.5). Soil samples were collected before 
adding the herbicides. NPK and vermicompost. The soil was sampled with auger 
from each replicate also at different time intervals of 0, 30, 60, 90 and 120 days after 
sowing for performing various soil enzymatic activities, soil nutrient states, soil 
physicochemical properties. 
3. 12. Soil analysis 
pH 
It is an important chemical property of the soil because the essential ions that 
enter into the plant are highly dependent upon the hydrogen ion concentration of soil 
solution. The pH of the natural soil was determined in 1:2.5 soil water suspension and 
was recorded with the help of Systronic pH meter having glass and calomel electrode 
assembly. Before reading pH meter was calibrated with a standard buffer of known 
pH (Jackson 1973). 
CEC (Cation exchange capacity) 
I-he cation exchange capacity of the soil was determined by the method of 
Ganguly (1951). In this method 10gm of air dried soil was treated with 0.2 N HC1 
(Appendix) till it became acidic. The solution was shaken for half an hour and then 
filtered through till filtrate was free form chloride ions, which was checked with 
AgNO4. The residue was transferred from the filter paper to a beaker and suspension 
of known concentration was prepared. It was then treated with I Oml of standard KCL 
solution, shaken for half an hour and tell over night. This was then titrated with 
standard .l N NaOH (Appendix) using phenolphthalein as indicator (Appendix) from 
the amount of NaOH required. The CEC of the soil was calculated as follows:- 
CEC Fneq _ volume of 0. I N NaOIf x N of NaOH 
I OOg 	weight of soil sample 
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Table 3.5 Physicochemical characteristics of soil collected before sowing 
Characteristics of soil 
Aligarh Soil 	Bulandshahr Soil Aligarh field soil 
Experiments 
I 1I III 
Sand 65.5% 63.5% 57% 
Silt 30.5 % 33 % 34 % 
Clay 4.0% 3.5% 9% 
Texture Sandy loam Sandy loam Sandy loam 
pH 8.49 7.76 8.10 
% Organic Carbon .308 .405 .345 
CEC (meq/ 100g) 2.21 2.80 3.4 
% of Ca CO3 3.45 3.30 3.60 
NH4 - N mg kg 4.0 7.12 10.50 
Available P mg kg 1 1.60 2.00 5.00 
Available K mg kg 26.10 20.00 23.92 
DTPA extractable 
(mg kg') 
Cu 1.10 1.20 2.00 
Mn 4.00 6.00 3.50 
Zn 0.80 0.90 1.10 
Fe 4.10 5.70 4.90 
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Total organic carbon 
It was estimated according to the method given by Walkley and Black (1947). 
In this method 2 gm of air dried soil was taken in a 500ml conical flask. To this, 10ml 
of IN potassium dichromate solution (Appendix) and 20 nil of concentrated sulfuric 
acid were added. After shaking well for two minute it was allowed to stand on an 
asbestos mat for 30 minutes for the mixture to react. Then 200 ml of double distilled 
water. 10 ml of ortho phosphoric acid (85%) and I ml of diphenyl amine indicator 
(Appendix) were added. A deep violet colour was developed, which was titrated with 
O.SN ferrous ammonium sulphate solution (Appendix) till the violet colour changed 
to purple and finally to green. Simultaneously a blank was also run without soil 
sample. Percentage of organic carbon was calculated as follows: 
— 
% of organic carbon = 
(x  1')  x .003 x 100 
2 x w 
Where w is the weight of soil taken 
x is the volume of 0.5N ferrous ammonium sulphate required for reducing 10 ml of 
K2 Cr207 (Blank reading) and y is volume of 0.5N ferrous ammonium sulphate 
required for reducing the excess of dichromate. 
CaCO3 
It was estimated according to the method given by Piper (1942).10 gm of soil 
was taken and washed with DDW till free from chloride ions. It was transferred to a 
conical flask add 50ml of 1 N HCI (Appendix) and 25m1 of double distilled water was 
added for complete washing. It was shaken well then boiled till the reaction was 
completed. Then boiled on a burner for 1 minute and cooled to room temperature. 5 
drops of phenolphthalein indicator (Appendix) were added and titrated with IN 
NaOH (Appendix) to develop pink colour. 
%of CaCO3 =50—y 
Where 'y is the volume of NaOH used during titration 
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Mechanical analysis 
It was estimated according to the method given by international pipette 
method (Piper, 1966). 10 gm soil was taken which was passed through a sieve and 
placed in an evaporating dish. 10mI of H202 was added and warmed to 60°C and 
stirred till no further evolution of gases occurred. Excess of peroxide was decomposed 
by boiling for a few minutes. After cooling 10 ml of 0.2N HCL was added 
(Appendix) till the solution became acidic. Suspension was then washed with warm 
double distilled water (DDW)till the filtrate showed no acidic reaction. 100 ml of 
double distilled water was added after transferring precipitate to an evaporating dish. 
Then 50m1 of sodium oxalate solution (Appendix) was added. It was shaken by 
stirrer for 15 minutes. adding 150m1 double distilled water. Wash the suspension 
through 200 mesh sieve using not more than 150 ml DDW. It was transferred to 
graduated boiling tube and made up to the volume to 500 ml. The residue on the sieve 
was dried and weighed. The dry soil was again passed in 25, 72 and 200 mesh sieves. 
Each fraction wad weighed giving coarse, medium and fine sand (Wsc, Wms, Wfs). 
The 500 nil suspension was immersed in constant temperature bath for 1 hour at 25°C. 
The tube was taken out shaken up vigorously and replaced in bath. After a 
sedimentation time of 4 minutes and 8 seconds.10ml of suspension from the 10cm 
depth by a sampling pipette was transferred into a weighed bottle, dried in oven and 
weighed. It was repeated after 46 minute and after 6 hour 54 minutes. In each case the 
weight of the solid material in 500 nil of the suspension was determined. The weight 
of the solid material 
W _ wt .01 the solid  x 500 n: Vp 
The weight if the solid material in 500 ml of the suspension is determined before for 
each sample and weight W3 obtained. 
Calculation 
a. Coarse sand (2.Omm — 0.6 mm) =1i,' x 100% 
t 
b. Medium sand (0.6 mm — 0.2mm) _ 	x 100% 
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c. Fine sand (.2mm — 0.06 mm ) = {  x 100% 
If,  
Where \V is the total weight of the original dispersed sample. 
Medium silt (.02 mm - .006 mm) _ 	`f 	x 100% 
	
: 	o 
Fine silt (.006 mm - .002 mm) = W '
{J 
-{{ 3  x 100% 
W;  
Clay <.002 mm = 
	
—400 x 100% {{. 
The percentage of the coarse silt (.06 mm - .02 mm) in the sample may be obtained by 
subtracting the sum of percentage of all fractions given above from 100. 
3.12.1. Soil enzymatic activities 
For conducting soil enzymatic activities soil after sampling was stored in 
fridge at 4°C temperature or reaction were performed soon. 
Soil FDAH activity (Fluorescein diacetate hydrolysis) 
It is widely accepted as an accurate and simple method for measuring total 
microbial activity in a range of soil. FDAH in soil samples was estimated by method 
of Adam and Duncan (2001),In this method 2 gm of soil (fresh weight) sieved < 
2mm was placed in a 50 ml conical flask and 15m1 of 60 mM potassium phosphate 
buffer with pI1 7.6. (Appendix) was added .2 ml of stock solution (1000 dig FDAml"' 
Appendix) was added in the soil to start the reaction The conical flask was stoppered 
and content were shaken by hand. The flasks were then placed in an orbital incubator 
at 30°C for 20 minutes. Once removed from the incubator 15m1 of chloroform / 
methanol (2:1 V/V. Appendix) was added immediately to terminate the reaction. 
Stoppers were replaced on the flasks and contents were shaken thoroughly by hand. 
The content of the flasks were then transferred to 50 ml centrifuge tube and 
centrifuged at 2000 rpm for 3 minutes. Then supernatant from each sample was 
filtered into 50 ml conical flasks and the filtrate measured at 490 nm on a 
spectrophotometer. Blanks were prepared without the addition of the FDA substrate. 
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The concentration of FDA released during the assay was calculated using the 
calibration graph produced from 0-5 ng FDA nil' standards which were prepared 
from 20ggFDA nits standard solution. And 20pg ml-t is prepared from 2000 ,<g FDA 
ml-' standard stock solution (Appendix). The 0 µg ml" FDA standard was used to 
zero the spectrophotometer before each set blank and samples were read. The FDA in 
soil samples is estimated as pg FDA g' of soil. 
Soil alkaline and acid phosphatase activity 
Soil phosphatase activity involves colorimetric estimation of P- nitrophenol 
released by phosphatase activity when soil is incubated and is measured as µg of p-
nitrophenol released by g' of soil hr'. Soil phosphatase activities were measured by 
the method as proposed by Tabatabai and Bremner (1969). 
For this purpose 1 gm of soil was placed in 50m1 conical flask and then 4 ml 
of modified universal bufferl (MUB) of pH 11 for alkaline phosphatase activity and 
of pH 6.5 for acid phosphatase activity (Appendix) was added. Then 0.25 ml of 
toluene and I ml of PNP (p- nitrophenyl phosphate) solution (Appendix) was added. 
Flask was swirled for a few seconds to mix the contents. Stopper the flask and place 
it in an incubator at 37°C for lhr. After I hr the stopper was removed and lml of 0.5 
M CaCl2 and 4ml of 0.5M sodium hydroxide (Appendix) was added. Swirl the flask 
again for a few seconds, and filter the soil suspension through a Whatman No. 12 
folded filter paper. The filtrate was transferred to a calorimetric tube and measured 
its yellow color intensity. To perform control follow the described for assay of 
phosphatase activity was followed but the addition of lml of PNP solution after the 
addition of 0,5M CaClz and 0.5M NaOH (i.e inunediatcly before filtration of the soil 
suspension) was performed. 
P-nitrophenol was calculated by reference to calibration graph plotted with 
standards containing 0, 10, 20, 30, 40 and SOpg of P- nitrophenol. To prepare this 
graph. dilute 1 ml of standard P-nitrophenol solution (Appendix) to 100ml in a 
volumetric flask and mix the solution thoroughly. Then pipette 0, 1, 2, 3, 4 and 5 ml 
aliquots of this diluted standard solution into small flasks. The volume was adjusted 
to 5m1 by addition of double distilled water and proceed as described for P- 
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nitrophenol analysis of the incubated soil sample. It was read at 400 nm on 
spectrophotometer. 
Soil dehydrogenase activity 
It was evaluated according to the method purposed by Casida et. al. (1964). 
For this 6 gin soil was taken into conical flask and 0.]g CaCO3, Iml 3 % Triphenyl 
tetrazolium chloride ( Appendix) and 2.5 ml of double distilled water was added. Soil 
samples were incubated at 28°C for 24 hrs. After incubation samples were taken out 
and 10 ml methanol was added to it and shaken for one minute. It was filtered and the 
supernatant was collected and the colour intensity was read at 480nm by 
spectrophotometer. 
For preparing the standard curve the standard triphenyl formazan solution 
(Appendix) of 100 µg was prepared , and pipetted out of different concentrations of 
standard triphenyl formazan solution (100 pgmf1) i-c 5, 10, 15, 20, 25 in volumetric 
flask and the volume was made to 100 ml by addition of methanol. Later it was read 
at 485nm and the curve was plotted. 
3.12.2.Soil chemical analysis 
Nitrogen 
Soil nitrogen was estimated accordion to the method proposed by Kearney and 
Nelson (1982). For this purpose 10gm dry soil was taken into 250 polyethylene bottle 
and 100 ml of 2M potassium chloride solution (Appendix) was added. It was shaken 
for one hour and filtered the soil suspension into another 250 ml polyethylene bottle 
and proceeded further for NH4 estimation atler this extraction 
Ammonium (11H1'1 - nitrogen 
0.2 ml aliquots of extracted soil sample was taken and 5.0 ml of color reagent 
was added (Appendix) mixed well and allowed to stand for 15 minutes. And 5.0 ml 
of alkaline hypochlorite solution was added and mixed well. The colour developed 
within 1 hour. After I hour the absorbance at 660nm was read, 
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Standard curve for NH4 nitrogen 
4.719 g dry ammonium sulphate was dissolved in 400 ml of double distilled 
water in a 1000 ml volumetric flask, and make up to volume (= 1000 mg I-' stock 
solution) . From this stock solution 0. 0.5, 1.0, 1.5, 2.0 and 2.5 ml was pipetted out 
into 100ml volumetric flask — to give working standards of 0, 5, 10. 15, 20 mg NH4 -
mg 1-'. 5 ml of color reagent was added and allowed to stand for 15 minute. Then 5 ml 
of alkaline hypochlorite solution was added and mixed well . Optical density at 
660nm, was read .Standard curve was plotted using different concentration of 
ammonium sulphate solution versus optical density (OD) and ammonium nitrogen in 
the sample was determined with the help of this standard curve. 
Phosphorus 
To 5 gm of soil sample in 150 ml conical flask, a pinch of Darco Gbo was 
added followed by 100 ml of 0.5 m Nal IC03 (Appendix),It was shaken for 30 minutes 
on a shaker and then filtered through Whatman filter paper no. 42. In the filtrate 
phosphorus was estimated through spectrophotometer by Olsen (1954) method. 
5 ml of soil extract was pipetted into a 25m1 volumetric flask and 5 ml 
ammonium molybdate solution (Appendix) was poured with constant shaking till 
effervescence due to CO2 evolution ceased. The inner wall of the flask neck was 
washed with DDW then 1 ml stannous chloride (Appendix) solution was added and 
the volume was made up to the mark. The intensity of the blue colour was read at 660 
nm on spectrophotometer. 
Standard curve for phosphorus 
KH2PO4 was dried at 40 °C and 0.439 got was dissolved in 400 nil of DDW in 
a 1000 nil volumetric flask. Then 25 ml of 7N Sulphuric acid (Appendix) was added 
and the volume was made upto 1000 ml with DDW giving 100 ppm stock solution of 
phosphorus from this 2 ppm solution was made after 50 times dilution. For the 
preparation of standard curve different concentration of P (1, 2, 3, 4, 5, 10 ml of 2ppm 
solution) were taken in 25 ml volumetric flasks. "fo these 5 ml of ammonium 
molybdate solution was added. The colour was developed by adding I ml of stannous 
chloride solution and read at 660 nm. A blank was run without the sample and the 
curve was plotted and the amount of P was calculated from the curve. 
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Potassium 
5 gm soil was shaken with 25 ml 1 N ammonium acetate (Appendix) for 5 
minutes and was filtered immediately through a Whatman filter paper no. 1. Stock 
solution of 1000 ppm of K was prepared by dissolving 1.908 KCl in I liter DDW. 
From the stock solution aliquots were diluted in 50 ml volumetric flask with 
ammonium acetate solution to give 10 to 40 ppm of K. These were read with the help 
of flame photometer after setting zero for the blank at 100 for 40 ppm of K. The curve 
was obtained by plotting the readings against the different concentrations (10, 15, 20, 
25, 30, 35 and 40 ppm) of K. 
Total Cu, Mn, Fe, Zn 
These were estimated by the method of Lindsay and Norvell (1978). 10 gm soil 
was taken and 20 ml of the DTPA extract (Appendix) was added and shaken for 2h 
after shaking filter through Whatman filter no. 42 and read the concentration against 
different standards. 
Available micronutrient in soil (mg Kg ') = Ax2 
Where A is the concentration of micronutrient in aliquot as read from X- axis of 
standard curve against the sample reading. 
3.13. Leaf chlorophyll content 
For chlorophyll content estimation leaves were cut from each replicate at 30, 
60 and 90 days after sowing. 
It was estimated following the method of Mekinney, 1941. Fresh leaves (0.1 
g) were homogenized in a mortar in the presence of sufficient quantity of 80% 
acetone. The extract was filtered and supernatant was collected in the volumetric 
flask. Be' 	process was repeated thrice and each time supernatant was collected in the 
same flask. Finally the volume was made up to 10 not with 80% acetone. After that 5 
ml sample of chlorophyll extract was transferred to a cuvette and absorbance was read 
at 645 nm and 663 nm on spectrophotometer. The following formula was used to 
calculate the chlorophyll content. 
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Total chlorophyll content (tug 
g )  
V 
[20.2 {D645) 8.02 (D (653) " 1000 x w 
Where V = volume of solution 
W = weight of tissue used for extraction of pigments 
3.14. Crop harvesting and threshing 
After harvesting, the produce was allowed to dry for a couple of days in shade 
and the weight of the total produce (straw + grain) was recorded. The grains in each 
treatment were threshed out manually and their weight was recorded. Straw yield was 
obtained by subtracting the grain yield from the weight of the total produce recorded 
before threshing. 
3.15. Growth and yield characteristics 
From each treatment three plants were taken at the time of harvest of crop and 
the following yield attributing characters were observed for the assessment of the 
seed yield. 
1. Plant height 
2. No. of tillers plant "t 
3. No. of ears plant -f 
4. Ear length plant ~ I (cm) 
5. Ear weight plant -1 (gm) 
6. Grain number ear l 
7. Test weight (gm) 
8. Grain yield plant '(gin) 
9. Straw yield plant "~ (gm) 
The total grains threshed out from each dried plant were collected and the weight was 
obtained to record the grain yield. 
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CHAPTER-Iv 
EXPERIMENTAL RESULTS 
4.1. Experiment I (Aligarh soil) , pot study 
4.1.1. Growth and yield parameters 
Plant height 
Metribuzin (gl. 175 g. a. i, enhanced plant height recording 6.28% increase over 
control. While metribuzin (2 100 g.a.i followed it with 3.27% increase. While 
metribuzin @ 250 g.a.i marked a decrease of 1.9 1% in plant height. Fertilizers applied 
affected the plant height significantly. Inorganic fertilizer (NPK) increased the plant 
height the most, followed by vermicompost (V) with 10.10 and 5.78% respectively 
over control, interactions were non-significant (Tablc4.1 a). 
Tiller number planU' 
Metribuzin @ 175 g.a.i proved efficacious dose as compared to metribuzin @ 
100 g.a.i, as plants under former dose resulted in higher number of tillers (Table 4.2 
b). It gave 30.21% increase in tiller production. Even metribuzin @ 100 g.a.i also 
marked an increase of 14.03% over control. Contrary to metribuzin @ 175 g.a.i and 
metribuzin (a, 100 g.a.i doses metribuzin '@250  g.a.i registered a decrease of 6.99% 
in tiller number. Plants responded significantly to two fertilizers treatments in terns 
of tillers . Inorganic fertilizer gave the more value followed by vermicompost 
showing an increase of 61,81 and 38.31% respectively over no fertilizer control. 
Interactions were significant. Thus among various combinations herbicide together 
with inorganic fertilizers, (NPK+Metribuzin @ 175 g.a.i) proved good, recording an 
increase of 110.21 % over control. Among others, NPK+metribuzin @ 100 g.a.i and 
V+metribuzin (a, 175 g.a.i, also recorded an increase of 100.30, and 90.09 
respectively. 	Out of the three controls inorganic fertilizer was better than 
vermicoorpost alone which on the other hand was better than no fertilizer, no 
vermicompost control indicating the importance of both leretilizers . Out of remaining 
interactions, NPK+metribuzin @ 250 g.a.i and V+metribuzin @ 100 g.a.i, were equal 
statistically showing the utility of organic fertilizers as it was good with metribuzin @ 
100 g.a.i. Contrary to above observations the higher dose of herbicide decreased the 
Table 4.1 Effect of herbicide doses on (a) plant height, (b) no. of tillers plant' and (c) 
no. of ears plant I of wheat (Triticurn aestivum L.) grown wider NPK and 
vermicompost fertilizers. 
Herbicide (a) Plant height (cm) 
concentrations (gal.) Herbicide NPK 	Vermicompost Mean 
Control 61.40 67.80 65.00 64.73 
100 63.62 70.13 	66.80 66-85 
175 65.50 72.00 68.90 68.80 
250 60.10 66.00 	64.40 63.50 
Mean 62.66 68.98 66.28 
(b) No. of tiller plant-' 
Herbicide NPK 	Vermicompost Mean 
Control 3.33 6.00 5.00 4.78 
100 4.00 6.67 	5.67 5.45 
175 5.33 7.00 6.33 6.22 
250 3.00 5.67 	4.66 4.44 
Mean 3.92 6.34 5.42 
(c) No. of ears plant' 
Herbicide NPK 	Vermicompost Mean 
Control 3.00 5.00 433 4.11 
100 3.66 600 	5.00 4.89 
175 4.33 6.66 5.66 5.55 
250 2.67 4.66 	3.66 3.66 
Mean 3.42 5.58 4.66 
C.D. at 5 
Fertilizer Herbicide 	Interaction 
Plant height 1.007 1.163 NS 
No. of tillers plant-' 0,080 0.093 	0.156 
No. of ears plant 0.071 0.082 0.138 
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tillers production. In general combinations having either inorganic fertilizer or 
organic fertilizer with herbicide were better than the combinations in their absence. 
Total chlorophyll content 
As is evident from table 4.2 metribuzin @ 175 g.a.i recorded maximum 
chlorophyll content followed by metribuzin 	100 g.a.i over control at different 
stages studied. While metribuzin @ 250 g.a.i registered decrease in it by 9.25 %, 8.46 
% and 22.80 % at 30, 60 and 90 days after sowing respectively. It may also be noted 
that at 90 DAS the percent decrease was maximum. Between the two fertilizer 
treatments NPK gave more chlorophyll than vermicompost over control at three 
samplings. NPK recorded 23.04, 22.82, 22.70 % increase, while vermicompost 
registered 16.75, 7.29 and 11.43% increase over control, showing superiority of 
inorganic fertilizers over organic vermicompost and importance of organic fertilizer, 
if it is not used. The percent increase in NPK was maintained at three samplings while 
it varied under vermicompost. As far as interactions were concerned, 
NPK metribuzin @ 175 g.a.i gave the maximum value at three time intervals 
recording 60.74, 114.67 and 58.64 increase . While on the other side metribuzin @ 
250 g.a.i, was the only dose which proved deleterious recording 5.19, 10.24 and 
12.96% decrease at three stages respectively as compared to control. At 30 DAS, 
V+metribuzin @ 175 g.a.i followed NPK+metribuzin @ 175 g.a.i, while 
NPK+metribuzin @ 100 g.a.i and V+metribuzin @ 100 g.a.i were at par. Similarly, 
V+metribuzin @ 100 g.a.i, metribuzin @ 175 g.a.i, NPK+C and vermicompost 
registered at par values on the one hand, while vermicompost control , metribuzin @ 
100 g.a.i, NPK+metribuzin u! 250 g.a.i on the other. The lowest chlorophyll content 
were recorded under control and metribuzin @ 250 g.a.i. At 60 DAS also the effect of 
interactions was over lapping where one interaction was equal to other in one way or 
the other. Whereas at 90 DAS, NPK+metribuzin a 175 g.a.i and V+metribuzin @ 
175 g.a.i registered at par values recording 58.64 and 54.32 % increase. The 
chlorophyll content increased up to 60 DAS but decreased at 90 DAS. 
Far number plant' 
Like tiller numbers ear numbers were also enhanced significantly by 
metribuzin @ 175 g.a.i treated plants. Both metribuzin @ 175 g.a.i and metribuzin @ 
100 g.a.i produced more cars than given by the control (Table4.1 c). As observed 
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Table 4.2 Effect of herbicide doses on chlorophyll contents of wheat (Triticum 
aestivum L.) grown under NPK and vermicompost fertilizers. 
Chlorophyll content 
Herbicide 30 DAS 
concentrations (gai.) 	Herbicide NPK 	Vermicompost Mean 
Control 1.35 1.67 	 1.65 1.56 
100 1.55 1.81 	 1.75 1.70 
175 1.67 2.17 	 2.02 1.95 
250 1.28 1.55 	 1.41 1.41 
Mean 1.46 1.80 	 1.71 
60 DAS 
Herbicide NPK Vermicompost Mean 
Control 1.81 2.92 2.33 2.36 
100 2.86 3.13 2.96 2.98 
175 3.24 3.95 3.26 3.48 
250 2.05 2.27 2.17 2.16 
Mean 2.50 3.07 2.68 
90 DAS 
Herbicide NPK Vermicompost Mean 
Control 1.62 2.29 1.93 1.95 
100 1.91 2.39 2.01 2.10 
175 2.23 2.57 2.50 2.43 
250 1.41 1.55 1.55 1.50 
Mean 1.79 2.20 2.00 
C.U. at 5% 
DAS Fertilizer Herbicide Interaction 
30 0.051 0.059 0.099 
60 0.109 0.125 0.212 
90 0.078 0.090 0.151 
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earlier 10.88% decrease was noted in ear numbers by metribuzin @ 250 g.a.i proving 
the importance of quantity of herbicide to be used. Fertilizer treatments also 
influenced the ear production with maximum value recorded under NPK giving an 
increase of 63.40% over control Similarly vermicompost alone proved good over 
control. Again among various interactions, NPK+metribuzin @ 175 g.a.i proved 
better over all other combinations having an increase of 122.0% in ear number. While 
NPK+mctribuzin @ 100 g.a.i, V+metribuzin @ 175 g.a.i closely followed it giving 
100% and 88.67% more ears. The combination NPK+C followed them and was 
statistically equal registering 66.67% increase over control again showing the 
effectiveness of inorganic fertilizers over organic manure. The same was also noted 
while observing the values given by NPK I-C, vermicompost control and control of 
interactions. Metribuzin @ 175 g.a.i, V+C on the one hand and metribuzin ia 100 
g.a.i, V+metribuzin @ 250 g.a.i on the other were at par where as metribuzin @ 250 
gal proved to be excessive dose of herbicide again proving the importance of the 
quantity to be used while applying herbicides. 
Grain number ear 1  
As noted in earlier parameters metribuzin @ 175 g.a.i application also 
enhanced the number of grains car t (Table 4.3 c). An increase of 16.54% and 8.80% 
was shown by metribuzin @ 175 g.a.i and metribuzin @ 100 g.a.i respectively, while 
metribuzin @ 250 g.a.i was deleterious. Grain formation also increased with both 
kind of fertilizers where NPK recorded the higher value giving an increase of 32.45% 
followed by vermicompost with 18.58% increase. Again the combination 
NPK-'metribuzin @ 175 g.a.i proved superior over others. 	It was followed by 
NPK+metribuzin @ 100 g.a.i, V+metribuzin di 175 g.a.i and NPK+C in that order. 
The last one and V+netribuzin @r 100 g.a.i were also at par. Similarly 
NPK+metribuzin @ 250 g.a.i and V—C proved to be equal in their effect giving an 
increase of 23.44 and 20.96% over control. Metribuzin @250 g.a.i registered 7.41% 
decrease when compared with control. 
Length ear -t 
Under metribuzin @ 175 g.a.i treatment ear length was improved as compared 
to plants treated with metribuzin @ 100 g.a.i and metribuzin @250 g.a.i (Table 4.3a). 
The percent increase was 12.13 and 6.85 respectively. While metribuzin @250 g.a.i 
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Table 4.3 Effect of herbicide doses on (a) ear length, (b) ear weight plant' and (c) no. 
of grains cal' of wheat (Triticum aestivum L.) grown under NPK and 
vermicompost fertilizers. 
Herbicide (a) Ear length (cm) 
concentrations (gai.) Herbicide NPK 	Vermicompost Mean 
Control 8.86 11.14 	 9.77 9.92 
100 9.15 11.66 	 11.00 10.60 
175 10.07 12.00 	 11.31 11.13 
250 8.00 10.63 	 924 9.29 
Mean 9.02 11.36 	 10.33 
(b) Ear weight plant' (g) 
Herbicide NPK 	Vermicompost Mean 
Control 4.10 630 	 530 523 
100 4.85 7.01 	 6.18 6.01 
175 5.45 7.30 	 6.70 6.48 
250 3.03 5.55 	 5.18 4.59 
Mean 4.36 6.54 	 5.84 
(c) No. of grains ear' 
Herbicide NPK 	Vermicompost Mean 
Control 27.00 35.00 	 32.66 31.55 
100 29.66 39.00 	 34.33 34.33 
175 31.33 42.33 	 36.66 36.77 
250 25.00 33.33 	 30.33 29.55 
Mean 28.25 37.42 	 33.50 
C.D. at 5% 
Fertilizer Herbicide 	Interaction 
Ear length 0.156 0.180 	 0.304 
Ear weight planf' 0.016 0.018 	 0.030 
No. of grains ear' 0.506 0.584 	 0.986 
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registered 6.38% decrease in ear length Amohg fertilizer treatments NPK application 
produced ears comparatively with more ear length over no fertilizer treatment 
followed by vermicompost, marking 25.92, 14.52% increase respectively over 
control. Interactions were more or less overlapping in their effect. The combinations 
NPK+mctribuzin @ 175 g.a.i recorded the highest ear length followed by 
NPK+metribuzin @ 100 g.a.i. The combinations V+metribuzin @ 175 g.a.i and 
NPK+C were statistically similar. While latter on the other hand was equal to 
V—metribuzin @ 100 g.a.i. metribuzin @ 175 g.a.i and V+C which were also at par 
and on the other hand V+metribuzin @ 250 g.a.i and metribuzin @ 100 g.a.i were 
equally effective. 
Ear weightplanT I 
Metribuzin @ 175 g.a.i again proved effective in production of heavier ears 
where maximum value recorded (Table 4.3 b). While metribuzin @ 100 g.a.i was 
comparatively less effective and produced lower ear weight than metribuzin @ 175 
g.a.i. Metribuzin @ 250 g.a.i showed adverse effect with significant decrease. 
Fertilizer treatments also influenced the ear weight. Thus heavier ears were formed 
when inorganic fertilizer was applied and followed by 33.95% increase in ear 
weight by organic manure vermicompost. Whereas among interactions like other 
parameters observed earlier NPK+metribuzin @ 175 g.a.i proved good in production 
of heavier ears with 78.05% increase. It was closely followed by NPK+metribuzin @ 
100 gal, V+metribuzin @ 175 gal, NPK+C and V+metribuzin ii 100 g.ai in that 
order. Metribuzin @ 250 g.a.i showed ill effects in comparison to others as its 
decreased the ear weight even up to 26.10%. 
1000 Grain weight 
Grains of plants treated with metribuzin @ 175 g.a.i and metribuzin (ate' 100 
g.a.i attained more weight over the grains of plants grown without herbicide (fable 
4.4 b). 11.90% and 5.30% was the percentage increase observed in the test weight of 
the plants treated with metribuzin @ 175 g.a.i and metribuzin @ 100 g.a.i 
respectively. Whereas metribuzin @ 250 g.a.i dose again proved excessive showing 
6.00% decrease in test weight. Like other parameters fertilizer treatments also 
affected grain weight significantly. More 1000 grain weight was obtained with the 
treatment of inorganic fertilizer as compared to vemiicompost. NPK and 
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Table 4.4 Effect of herbicide doses on (a) grain yield plant 1 , (b) test weight and (c) 
straw yield plant' of wheat (Triticurr aestivum L.) grown under NPK and 
vermicompost fertilizers. 
Herbicide (a) Grain yield plant' (g) 
concentrations (gai.) Herbicide NPK 	Vermicompost Mean 
Control 4.88 5.53 	 5.28 5.23 
100 5.04 6.24 	 5.46 5.58 
175 5.28 6.60 	 5.72 5.87 
250 4.70 5.45 	 5.16 5.10 
Mean 4.98 5.96 	 5.41 
(b) Test weight (g) 
Herbicide NPK 	Vermicompost Mean 
Control 33.72 40.98 	 36.83 37.18 
100 34.35 42.56 	 40.53 39.15 
175 37.57 45.56 	 41.67 41.60 
250 30.80 38.71 	 35.33 34.95 
Mean 34.11 41.95 	 38.59 
(c) Straw yield plant' (g) 
Herbicide NPK 	Vermicompost Mean 
Control 5.14 6.38 	 5.58 5.70 
100 5.44 6.85 	 5.82 6.04 
175 5.70 6.97 	 6.44 6.37 
250 5.02 5.78 	 5.34 5.38 
Mean 5.33 6.50 	 5.80 
C.D. at 5% 
Fertilizer Herbicide 	Interaction 
Grain yield plant' 0.083 0.096 	 0.162 
Test weight 0.582 0.672 	 1.134 
Straw yield plant" 0.090 0.103 	 0.175 
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vermicompost recorded 22.99 and 13.13% increase respectively over control. It may 
be pointed out that, like other parameters also among various interactions 
NPK+metribuzin ci- 175 g.a.i proved superior by registering 35.11% increase. 
Whereas NPK+metribuzin 	100 g.a.i and V+metribuzin (cJ 175 g.a.i followed 
NPK+metribuzin !@ 175 g.a.i. and both were at par. V+metribuzin @ 175 g.a.i and 
NPK+C were also equally effective on the one hand and NPK+C, V+metribuzin @ 
100 g.a.i on the other. NPK+metribuzin !@ 250 g.a.i marked an increase of 14.80 % 
over control. However metribuzin @ 175 g.a.i and V+C were statistically equal. 
Similarly V+metribuzin 'I 250 g.a.i and metribuzin @ 100 g.a.i recorded at par 
values. metribuzin @ 100 g.a.i and control registered similar result and were the 
poorest among all combinations and treatments. Metribuzin @ 250 g.a.i decreased the 
1000 grain weight proving its toxic effects when given alone . 
Grain yield plant -' 
Along with growth and yield parameters explained earlier metribuzin @ 175 
g.a.i also enhanced the grain yield of plants and the three concentrations performed 
differently (Table 4.4 a). Metribuzin @ 175 g.a.i gave significant increase of 12.18% 
while the metribuzin @ 100 g.a.i up to 6.69% increase in seed yield over control. 
While metribuzin @ 250 g.a.i registered 2.43% decrease again confirming the 
deleterious effect of high dose of herbicide. Like other parameters studied fertilizer 
treatment also significantly affected the grain yield. Inorganic fertilizer recorded more 
seed yield giving significant increase of 19.70 over no fertilizer control and closely 
followed by vermicompost with 8.64% increase. Considering the interactions 
NPK+metribuzin @ 175 g.a.i proved to be the best among all combinations followed 
by NPK+metribuzin ,@ 100 g.a.i, V+metribuzin 	175 g.a.i and NPK+C which in 
turn were equal to V+metribuzin 	100 g.a.i and NPK+metribuzin @ 250 g.a.i being 
at par with each other. Whereas on the other hand metribuzin @ 175 g.a.i, V+C and 
V+metribuzin @, 250 g.a.i were equal in their effect. Similarly V+metribuzin @ 250 
g.a.i and metribuzin @ 100 g.a.i were at par on the other hand, control and metribuzin 
@ 100 g.a.i on the other. Metribuzin @ 250 g.a.i proved to be excessive highlighting 
the toxic effects of high dose. It may also be noted that when metribuzin @ 250 g.a.i 
alone was given it was deleterious while the same dose with inorganic fertilizer gave 
11.68 % more grain yield over control. 
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Straw yield plant' 
Significant increase in straw yield was observed in plants treated with 
metribuzin @ 175 g.a.i as compared to metribuzin @ 100 g.a.i and metribuzin @ 250 
g.a.i (Table 4.4 c). Both metribuzin rd; 175 g.a.i and metribuzin ,@a_, 100 g.a.i performed 
well but, differently giving an increase of 11.75 and 5.91% over control. whereas 
straw yield decreased by 5.61% in plants treated with metribuzin @ 250 g.a.i dose. 
Between the fertilizer treatments expectedly, inorganic fertilizer performed better than 
vermicompost as compared to no fertilizer treatment. The former treatment gave an 
increase of 21.97 followed by vermicompost with 8.83% increase. Among the 
interactions NPK I-metribuzin @ 175 g.a.i and NPK f-metribuzin @ 100 g.a.i proved to 
be the best and both were at par also. Other interactions and treatments V+metribuzin 
@ 175 g.a.i, NPK+C on the one hand and V+metribuzin @ 100 g.a.i, 
NPK+metribuzin @ 250 g.a.i and metribuzin @ 175 g.a.i on the other were at par. 
Similarly metribuzin @ 175 g.a.i, V+C were equally effective and similar was the 
case with V—C and metribuzin @ 100 ga.i. 
4.1.2. Soil enzyme activities 
Fluorescein diaee1a1e hydrolysis (FDAH) aclivily 
Metribuzin @, 175 g.a.i increased FDAH activity followed by Metribuzin 
100 g.a.i over control (Table 4.5). while metribuzin @ 250 g.a.i decreased its activity 
at 30 DAS. At 0 day herbicide concentration and at 0, 30 DAS interactions were NS. 
While at 60, 90 and 120 DAS only metribuzin @ 100 g.a.i recorded the maximum 
increase in enzyme activity with 7.83, 21.83 and 29.88% over control. Metribuzin @ 
175 g.a.i and metribuzin @250  g.a.i marked 11.31, 11.50, 12.98 and 24.35, 30.68 and 
24.41 % decrease respectively in FDAH activity at later three samplings. It may be 
pointed out that vennicompost registered maximum increase at all time intervals over 
control, while NPK decreased it. Various interactions also performed well. 
V+metribuzin @ 100 g.a.i proved the best among all marking 18.42, 58.65 and 
91.30% increase. Metribuzin @ 100 g.a.i and V+C were close being at par at 60 and 
120 DAS. Other interactions also performed differently like NPK+mctribuzin 	100 
g.a.i, control and V+metribuzin C 175 g.a.i etc. Maximum decrease was noted with 
NPK+metribuzin @250  g.a.i in FDAH activity at 60, 90 and 120 DAS respectively. 
Other interactions and treatments like metribuzin @ 250 g.a.i, metribuzin @ 175 
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Table 4.5 Effect of herbicide doses on fluorescein diacetate hydrolysis (FDAH) 
activity 	of wheat 	(Triticum 	aestivum 	L.) grown under NPK and 
vermicompost fertilizers. 
FDAH activity (µg g'') 
Herbicide 0 DAS 30 DAS 
concentratio Herbicide NPK 	Vermi Mean Herbicide NPK Vermi Mean 
ns (gai.) compost compost 
Control 9.50 8.00 	11.50 9.67 19.50 19.00 21.00 19.83 
100 9.50 8.00 	11.50 9.67 21.00 20.50 24.00 21.83 
175 9.50 8.00 	11.50 9.67 24.00 21.70 26.00 23.90 
250 9.50 8.00 	11.50 9.67 16.00 15.00 18.00 16.33 
Mean 9.50 8.00 	11.50 20.13 19.05 22.25 
60 DAS 90 DAS 
Herbicide NPK 	Vermi Mean Herbicide NPK Vermi Mean 
compost compost 
Control 19.00 18.00 	20.50 19.17 10.40 10.00 13.50 11.30 
100 20.50 19.00 	22.50 20.67 14.40 10.40 16.50 13.77 
175 17.00 16.00 	18.00 17.00 9.00 8.00 13.00 10.00 
250 14.50 14.00 	15.00 14.50 8.00 6.00 9.50 7.83 
Mean 17.75 16.75 	19.00 10.45 8.60 13.13 
120 DAS 
Herbicide NPK 	Vermi Mean 
compost 
Control 11.50 11.00 	16.00 12.83 
100 15.00 13.00 	22.00 16.67 
175 10.00 9.50 	14.00 11.17 
250 8.30 7.80 	13.00 9.70 
Mean 11.20 10.33 	16.25 
C.D. at 5% 
DAS Fertilizer Herbicide Interaction 
0 NS 0.435 NS 
30 0.799 0.923 NS 
60 0.469 0.542 0.914 
90 0.444 0.513 0.865 
120 0.522 0.602 1.017 
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g.a.i, NPK+metribuzin t@ 175 g.a.i, NPK+C, V+metribuzin (a~, 250 g.a.i also marked 
decrease in FDAH activity. FDAH activity increased at 30 DAS as compared to 0 
day, after that it decreased. But at 120 DAS it increased marginaly a little as 
compared to 90 DAS. With concentration increase this enzyme activity decreased. 
Dehydrogenase activity 
Maximum increase in dehydrogenase activity was marked with control at 30, 
60, 90 and 120 DAS. At 0 day herbicide effect and interactions were NS (Table 4.6 ) 
. Herbicide concentrations marked significant at later four samplings decrease in it. 
The tendency of decreasing in activity was minimum with metribuzin @ 1W g.a.i 
followed by metribuzin @ 175 g.a.i, with metribuzin @ 250 g.a.i which registered 
the maximum decrease in dehydrogenase activity at 30, 60, 90 and 120 DAS. It can be 
seen from the table 4.6 that vermicompost (organic fertilizer) increased the 
dehydrogenase activity over control, at all intervals except at 30 DAS, where it 
recoded marginal decrease. NPK (inorganic fertilizer) decreased it at all the 
samplings as compared to control. At 30, 60, 90 and 120 DAS various interactions 
performed significantly. Vermicompost without herbicide (V+C) proved the best at 
all intervals registering 7.42, 4.41, 26.45 and 9.74% increase in enzyme activity, 
while V+metribuzin @ 100 g.a.i registered 11.17% decrease only at 30 DAS. At 60, 
90 and 120 DAS Vimetribuzin @ 100 g.a.i followed V+C. It may be noted that 
NPK+metribuzin @ 250 g.a.i recorded the maximum decrease at all intervals. The 
parentage decrease marked with NPK+metribuzin .a 250 g.a.i was 79.30, 77.73, 
59.59, 61.23% at 30, 60, 90 and 120 DAS respectively. Other interactions also 
marked decrease in its activity at various time intervals. This activity was also 
maximum at 30 DAS after that it decreased like FDAI-I activity. It decreased with 
increasing concentrations of herbicide. 
Alkaline phosphatase activity 
Alkaline phosphatase activity was increased by 3.96, 2.40% with metribuzin 
@ 175 g.a.i and metribuzin (dj 100 g.a.i over control at 30 DAS, but metribuzin @ 
250 g.a.i decreased it by 1.25%. Whereas at 60, 90 and 120 DAS control registered 
maximum enzyme activity( able 4.7 ) . Herbicide concentrations recorded decrease 
in it. Where metribuzin @ 100 g.a.i registered minimum decrease, 1.32, 2.82 and 1.91 
%, while metribuzin @ 175 g.a.i followed it, while metribuzin (d, 250 g.a.i marked the 
maximum decrease i.e 7.78, 8.71 and 6.94% respectively. At 0 day, herbicide 
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Table 4.6 Effect of herbicide doses on dehydrogenase activity of wheat (Triticum 
aestivum L.) grown under NPK and vermicompost fertilizers. 
Dehydrogenase activity (µg g) 
Herbicide 0 DAS 30 DAS 
concentratio Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
ns (gai.) compost compost 
Control 2.68 1.34 3.89 2.64 10.92 5.94 11.73 9.53 
100 2.68 1.34 3.89 2.64 9.52 5.51 9.70 8.24 
1 75 2.68 1.34 3.89 2.64 8.45 4.31 7.84 6.87 
250 2.68 1.34 3.89 2.64 7.72 2.26 6.77 5.58 
Mean 2.68 1.34 3.89 9.15 4.51 9.01 
60 DAS 90 DAS 
Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
compost compost 
Control 9.52 4.81 9.94 8.09 3.44 2.85 4.35 3.55 
100 7.72 3.71 9.54 6.99 3.02 2.21 3.48 2.90 
175 6.48 2.23 7.98 5.56 2.86 1.98 3.14 2.66 
250 3.08 2.12 5.18 3.46 2.75 1.39 3.00 2.38 
Mean 6.70 3.22 8.16 3.02 2.11 3.49 
120 DAS 
Herbicide NPK Vermi Mean 
compost 
Control 5.03 3.80 5.52 4.78 
100 3.92 2.41 5.32 3.88 
175 3.32 2.23 4.12 3.22 
250 2.77 1.95 3.16 2.63 
Mean 3.76 2.60 4.53 
C.D. at 5% 
DAS Fertilizer Herbicide Interaction 
0 NS 0.052 NS 
30 0.129 0.149 0.252 
60 0.107 0.124 0.209 
90 0.047 0.054 0.09 
120 0.060 0.069 0.117 
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Table 4.7 Effect of herbicide doses on alkaline phosphatase activity of wheat 
(Triticum aestivun: L.) grown under NPK and vermicompost fertilizers. 
Alikaline phosphatase activity (µg g) 
Herbicide 0 DAS 30 DAS 
concentratio Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
ns (gai.) compost compost 
Control 84.00 79.00 88.30 83.77 90.30 83.30 114.00 95.87 
100 84.00 79.00 88.30 83.77 94.00 84.00 116.50 98.17 
175 84.00 79.00 88.30 83.77 96.00 86.00 117.00 99.67 
250 84.00 79.00 88.30 83.77 88.70 82.30 113.00 94.67 
Mean 	84.00 	79.00 	88.30 	 92.25 	83.90 	115.13 
60 DAS 90 DAS 
Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
compost compost 
Control 85.00 80.60 107.00 90.87 82.60 73.00 92.30 82.63 
100 84.00 79.00 106.00 89.67 81.00 69.30 90.60 80.30 
175 83.30 78.00 100.50 87.27 78.00 67.00 88.00 77.67 
250 80.30 72.60 98.50 83.80 77.00 64.30 85.00 75.43 
Mean 83.15 77.55 103.00 79.65 68.40 88.98 
120 DAS 
Control 
100 
175 
250 
Mean 
Herbicide NPK 
84.00 79.00 
83.30 78.60 
81.30 75.30 
80.00 72.00 
82.15 76.23 
Vermi Mean 
compost 
103.50 88.83 
99.50 87.13 
98.00 84.87 
96.00 82.67 
99.25 
C.D. at 5% 
DAS 	 Fertilizer 	 Herbicide 	 Interaction 
0 NS 3.72 NS 
30 3.01 3.48 NS 
60 3.40 3.93 NS 
90 3.07 3.54 NS 
120 3.32 3.83 NS 
62 
concentration was NS. Among the two fertilizer treatments vermicompost recorded 
5.12, 115.13, 103.00, 11.71 and 20.82% increase at 0, 30, 60, 90 and 120 DAS 
respectively over control. While NPK decreased the alkaline phosphatase activity 
with 5.95, 9.05, 6.74, 14.12 and 7.21"/x. Interactions were NS at all time intervals. 
This activity increased maximum at 30 DAS then it decreased up to 90 DAS and 
again it increased at 120 DAS as compared to 90 DAS. 
Acid phosphalase activity 
As in some other parameters metribuzin Ca; 175 g.a.i again increased the acid 
phosphatase activity, followed by metribuzin @ 100 g.a.i over control at 30 DAS, 
while metribuzin @250 g.a.i decreased it by 2.29% at 30 DAS. Rut at 60, 90 and 120 
DAS, only control had acid phosphatase activity maximum. Other herbicide 
concentrations like metribuzin 	100 g.a.i, metribuzin @ 175 g.a.i and metribuzin @ 
250 g.a.i showed decrease in this enzyme activity at 60, 90 and 120 DAS (Table 
4.8). Maximum decrease was noted with metribuzin @250 g.a.i, while minimum with 
metribuzin @ 100 g.a.i. At 0 day herbicide effect was non-significant. Out of 
fertilizers ,like in other activities, vennicompost again increased the acid phosphatase 
activity at all intervals with 15.63, 5.47, 2.55, 5.98 and 4.03 % over control. Whereas 
inorganic fertilizer decreased it as compared to control by 51.56, 2.51, 9.60, 5.79 and 
5.45%. Interactions were non significant at 0 and 120 DAS. At 30 DAS V+metribuzin 
@ 175 g.a.i recorded the maximum increase . While metribuzin @ 175 g.a.i, 
NPK+metribuzin @175  g.a.i, V+metribuzin t4 100 g.a.i, metribuzin @ 100 g.a.i and 
V+C registered at par values on one hand and on the other V+C, NPK+metribuzin @ 
100 g.a.i, control, V+metribuzin @250  g.a.i and metribuzin @250 g.a.i. Contrary to 
above metribuzin @ 250 g.a.i, NPK—C and NPK+metribuzin @ 250 g.a.i decreased 
the acid phosphatase activity which were also equally effective. While at 60 and 90 
DAS V+C (vermicompost control) and control were at par registering maximum 
values for acid phosphates activity. Other interactions were in one way or the other 
similar at 60 and 90 DAS, in their effect while NPK+metribuzin @ 250 g.a.i 
registered maximum decrease . Acid phosphata$e also followed more or less similiar 
trend as observed in alkaline phosphatase activity. 
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Table 4.8 Effect of herbicide doses on acid phosphatase activity of wheat (Triticum 
aestivum L.) grown under NPK and vermicompost fertilizers. 
Acid phosphatase activity (pg g') 
Herbicide 0 DAS 30 DAS 
e.mcentratio Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
compost ns 
 
(gal.) _Compost 
Control 16.00 7.75 18.50 14.08 62.63 60,48 64.79 62.63 
100 16.00 7.75 18.50 14.08 64.79 63.71 65.87 64.79 
175 16.00 7.75 18.50 14.08 68.00 66.95 77.75 70.90 
250 16.00 7.75 18.50 14.08 61.56 59.40 62.63 61.20 
Mean 16.00 7.75 18.50 6325 62.64 67.76 
60 D.45 90 DAS 
Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
compost compost 
Control 37.58 35.40 38.12 37.03 23.45 23.01 24.62 23.69 
100 32.67 31.59 33.22 32.49 20.34 20.30 20.87 20.50 
175 31.50 30.83 32.67 31.67 17.66 14.45 19.27 17.13 
250 29.95 2124 31.04 27.41 11.77 11.24 12.84 11.95 
Mean 32.93 29.77 33.76 18.31 17.25 19.40 
120 DAS 
Herbicide NPK Vermi Mean 
compost 
Control 28.02 26.37 28.57 27.65 
100 26.92 24.73 27.70 26.45 
175 23.63 22.53 25.27 23.81 
250 22.53 21.98 23.63 22.71 
Mean 25.28 23.90 26.29 
C.D. at 5% 
DAS Fertilizer Herbicide Interaction 
0 1.66 1.92 3.23 
30 1.99 2.30 3.88 
60 1.25 1.44 2.44 
90 0.736 0.850 1.435 
120 0.976 1.127 NS 
K,I 
4.1.3. Soil characteristics 
pH. 
In case of pH most of the treatments of NPK and vermicompost and their 
interactions were non significant at 60, 90 and 120 DAS of sampling(Table 4.9 ). 
However, at earlier samplings at 0, 30, DAS between fertilizer treatments inorganic 
fertilizer enhanced pH when compared with vermicompost. Percentage increase with 
NPK was 1,53 and 0.92 over control at 0 and 30 DAS respectively. 
% Organic carbon 
Metribuzin @ 175 g.a.i increased it by 9.91 % followed by metribuzin @ 100 
ga.i with only 0.90% increase over control. while metribuzin @ 250 g.a.i decreased it 
up to 5.05% as compared to control at 30 DAS. Whereas at 60, 90 and 120 DAS. 
metribuzin @ 100 g.a.i registered an increase in organic carbon over the other two 
herbicide concentrations including control. Maximum decrease was noted under 
metribuzin @ 250 g.a.i as compared to metribuzin @ 175 g.a.i over control. At 0, day 
herbicide concentrations and interactions were non significant. Among the treatments 
at various intervals, vermicompost increased this parameter over control. While NPK 
decreased it at all the five samplings (Table 4.10). As far as interactions were 
concerned differences under different interactions were marginal. At 30 DAS 
V+metribuzin @ 175 g.a.i recorded the maximum organic carbon with 25.56% . 
While V-{-metribuzin @ 100 g.a.i, V+C and metribuzin 	175 g.a.i were at par. 
Whereas at 60, 90 and 120 DAS, V +metribuzin @ 100 g.a.i registered increase and 
NPK+metribuzin @ 250 g.a.i registered decrease in it as compared to other 
treatments. At 60 DAS V+metribuzin (ed 100 g.a.i, metribuzin @ 100 g.a.i, V+C and 
V+metribuzin @ 175 g.a.i were at par. It may be noted that metribuzin @ 250 g.a.i 
and inorganic fertilizer generally decreased the organic carbon. At 90 DAS also 
various interactions performed differently. V+metribuzin @ 100 g.a.i, VAC were at 
par and similarly V+C, V+metribuzin @ 175 g.a.i were at par. Control, 
NPK+metribuzin @ 100 g.a.i followed them. Other interactions like V+metribuzin @ 
250 g.a.i, NPK+C, metribuzin @ 175 g.a.i, metribuzin @ 250 g.a.i, NPK+metribuzin 
@ 175 g.a.i, NPK+metribuzin @ 250 g.a.i decreased the organic carbon. While at 120 
DAS V+C followed V+metribuzin @ 100 g.a.i with 9.83% and 14.63 % increase in 
organic carbon, while like at 90 DAS metribuzin @ 100 g.a.i, V+metribuzin @ 175 
g.a.i, NPK+metribuzin @ I00 g.a.i and NPK+metribuzin @ 100 g.a.i, control, 
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Table 4.9 Effect of herbicide doses on pH of wheat (Triticunl aestivum L.) grown 
under NPK and vermicompost fertilizers. 
pH 
Herbicide 0 DAS 30 DAS 
concentratio Herbicide NPK 	Vermi Mean Herbicide NPK Vermi Mean 
ns (gal.) compost compost 
Control 8.51 8.64 	8.35 8.50 871 8.80 8.14 8.55 
100 8.51 8.64 	8.35 8.50 8.69 8.78 8.36 8.61 
175 8.51 8.64 	8.35 8.50 8.67 870 8.16 851 
250 8.5] 8.64 	8.35 8.50 8,76 8.87 8.50 8.71 
Mean 8.51 8.64 	835 8.71 8.79 8.29 
60 DAS 90 DAS 
Herbicide NPK 	Vermi Mean Herbicide NPK Vermi Mean 
compost compost 
Control 7.81 7.77 	7.80 7.79 7.76 7.70 7.73 7.73 
100 7,77 7.74 	7.74 7.75 7.71 7.67 7.69 7.69 
175 7.76 7.69 	7.71 7.72 7.69 7.63 7.64 7.65 
250 7.86 7.80 	7.34 7.83 7.78 7.77 7.74 7.76 
Mean 7.80 7.75 	7.77 7.74 7.69 7.70 
120 DAS 
Herbicide NPK 	Vermi Mean 
compost 
Control 7.80 7.72 	7.77 7.76 
100 7.75 7.70 	7.74 7.73 
175 7.70 7.65 	7.70 7.68 
250 7.86 7.80 	7.84 7.83 
Mean 7.78 7.72 	7.76 
C.D.at 5% 
DAS Fertilizer Herbicide Interaction 
0 NS 0.150 NS 
30 NS 0.152 NS 
60 NS NS NS 
90 NS NS NS 
120 NS NS NS 
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Table 4.10 Effect of herbicide doses on organic carbon of wheat (Triticum aestivum 
L.) grown under NPK and vermicompost fertilizers. 
Organic carbon (%) 
Herbicide 0 DAS 30 DAS 
conccntratio Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
as (gai.) compost compost 
Control 0.330 0.315 0.345 0.330 0532 0.510 0.623 0.555 
100 0.330 0.315 0.345 0.330 0.533 0.518 0.630 0.560 
175 0.330 0.315 0.345 0.330 0,608 0.555 0.668 0.610 
250 0.330 0.315 0.345 0.330 0.525 0.502 0.555 0.527 
Mean 0.330 0.315 0.345 0.550 0.521 0.619 
60 DAS 90 DAS 
Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
compost compost 
Control 0.480 0.465 0.533 0.493 0.353 0.330 0.413 0.365 
100 0.533 0.488 0.540 0.520 0.375 0.345 0.428 0.383 
175 0.465 0.458 0.525 0.483 0.323 0.308 0.405 0.345 
250 0.428 0.420 0.488 0.445 0.315 0300 0.338 0.318 
Mean 	0.477 	0.458 	0.522 	 0.342 	0.321 	0.396 
120 DAS 
Herbicide NPK Vermi Mean 
compost 
Control 0.458 0.450 0.503 0.470 
too 0.480 0.473 0.525 0.493 
175 0.450 0.428 0.480 0.453 
250 0.405 0.405 0.413 0.408 
Mean 0.448 0.439 0.480 
C.D. at 5% 
DAS Fertilizer Herbicide Interaction 
0 NS 0.015 NS 
30 0.017 0.020 0.024 
60 0.011 0.012 0.021 
90 0.011 0.013 0.021 
120 0.010 0.012 0.020 
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metrihuzin @ 175 g.a.i and NPK+C were equally effective. '[he organic carbon 
increased at 30 DAS as compared to 0 day. But after 30 DAS it decreased up to 90 
DAS. At 120 DAS it again increased as compared to 90 DAS marginaly. 
NPK i metribuzin (a? 250 g.a.i decreased it as compared to other two concentrations at 
30, 60, 90 and 120 DAS 
4.1.4. Soil nutrients and heavy metals 
Ammonium nitrogen (NH4'- nitrogen) 
As evident from (Table 4.11) metribuzin @ 175 g.a.i again proved efficacious 
in increasing the ammonium nitrogen followed by metribuzin @ 100 gal over 
control. While high dose of herbicide proved excessive showing a decrease of 
10.69. 9.86, 8.18 and 4.84% as compared to control at 30, 60, 90 and 120 DAS 
respectively. Herbicide concentration marked NS effect at 0 day. Between two 
fertilizer treatments, like Bulandshahr soil, at Aligarh also inorganic fertilizer 
increased the NH4- N2 the most followed by vermicompost over no fertilizer control 
at all time intervals. The increase under NPK was more when compared with 
vermicompost. At 30 and 60 DAS. NPK+metribuzin ,@ 175 g.a.i proved the best 
interaction combination among all with 65.44 and 68.29 % increase followed by 
NPK+metribuzin '@ 100 g.a.i with 56.62, and 51.83 % increase. NPK control and 
V'-metribuzin @ 175 g.a,i were at par at both stages. At 30 DAS, V+metribuzin @ 
100 g.a.i and NPK+metribuzin @ 250 g.a.i also registered increase in NH4+- N2 over 
control. At 60 DAS, V+metribuzin @ 100 g.a.i and NPK control followed it while 
latter dose was at par with V+metribuzin @ 175 g.a.i. Remaining combinations were 
equally effective in one way or the other. Interactions at 90, 120 DAS were NS. At 
Aligarh soil also the availability of NHy`- N2 increased with time. Only it decreased 
slightly at 120 DAS. 
Available P 
Metribuzin @ 175 g.a.i concentration of herbicide proved effective dose for 
increasing the soil available P followed by metribuzin @ 100 g.a.i over control . It 
increased it up to 31.89, 37.90, 63.33 and 46.91 % at 30, 60, 90 and 120 DAS 
respectively. Metribuzin @ 250 g.a.i reduced it most at all samplings. Between two 
fertilizer treatments NPK increased it when compared with vermicompost (Table 
4.12). It increased up to 50.00, 116.22, 105.31, 59.76 and 94.46 % under NPK while 
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Table 4.11 Effect of herbicide doses on available ammonium nitrogen (NH4 -N2) of 
wheat (Triticum aestivum L.) grown under NPK and vermicompost 
fertilizers. 
Available NH4 -N2 (mg kg ") 
Herbicide 	 0 DAS 
	
30 DAS 
concentratio Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
ns (gai.) compost compost 
Control 7.50 11.64 9.90 9.68 13.60 18.90 15.20 15.90 
100 7.50 11.64 9.90 9.68 14.30 21.30 16.80 17.47 
175 7.50 11.64 9.90 9.68 15.40 22.50 18.75 18.88 
250 7.50 11.64 9.90 9.68 12.60 16.20 13.80 14.20 
Mean 7.50 11.64 9.90 13.98 19.73 16.14 
60 DAS 
	
90 DAS 
Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
compost compost 
Control 16.40 21.60 18.90 18.97 21.40 26.40 24.40 24.07 
100 17.90 24.90 20.10 20.97 24.20 28.90 26.00 26.37 
175 19.50 27.60 21.30 22.80 25.90 31.20 27.80 28.30 
250 15.20 19.90 16.20 17.10 20.00 24.60 21.70 22.10 
Mean 	 17.25 	23.50 	19.13 	 22.88 	27.78 	24.98 
120 DAS 
Herbicide NPK Vermi Mean 
compost 
Control 19.50 24.90 22.50 22.30 
100 21.30 25.40 23.70 23.47 
175 23.70 27.60 26.10 25.80 
250 18.75 23.70 21.20 21.22 
Mean 20.81 25.40 23.38 
C.D. at 5% 
DAS Fertilizer Herbicide Interaction 
0 NS 0.169 NS 
30 0.255 0.295 0.497 
60 0.308 0.355 0.600 
90 0.387 0.447 NS 
120 0.353 0.408 NS 
Table 4.12 Effect of herbicide doses on available phosphorus of wheat <i ruecum 
uestivum L.) grown under NPK and vermicompost fertilizers. 
Available phosphorus (mg kg' s ) 
Herbicide 0 DAS 30 DAS 
concentratio Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
ns (gai.) compost compost 
Control 2.00 3.00 2.12 2.37 3.00 5.64 5.20 4.61 
100 2.00 3.00 2.12 2.37 3.12 6.72 5.76 5.20 
175 2.00 3.00 2.12 2.37 3.60 8.12 6.52 6.08 
250 2.00 3.00 2.12 2.37 2.12 5.12 3.44 3.56 
Mean 2.00 3.00 2.12 2.96 6.40 5.23 
60 DAS 90 DAS 
Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
compost compost 
Control 3.12 5.72 5.10 4.75 4.52 6.72 5.52 5.59 
100 3.44 7.72 6.12 5.76 5.20 8.52 8.12 7.28 
175 4.00 9.00 6.64 6.55 6.64 10.32 10.42 9.13 
250 3.00 5.40 4.00 4.13 3.72 6.52 4.52 4.92 
Mean 3.39 6.96 5.54 5.02 8.02 7.15 
120 DAS 
Herbicide NPK 	Vermi Mean 
compost 
Control 3.60 6.12 	5.32 5.01 
100 3.80 8.12 	7.40 6.44 
175 4.24 9.52 	8.32 7.36 
250 3.52 5.70 	4.24 4.49 
Mean 	 3.79 	7.37 	6.32 
C.D. at 5% 
DAS Fertilizer Herbicide Interaction 
0 NS 0.042 NS 
30 0.077 0.089 0.150 
60 0.084 0.097 0.164 
90 0.106 0.123 0.207 
120 0.092 0.106 0.180 
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vermicompost increased up to 6.00, 76.69, 63.42, 42.43 and 66.76 % at 0, 30, 60, 90 
and 120 DAS respectively. Herbicide concentration and interactions were NS at 0 
day. Among all other interactions NPK+metribuzin Vii; 175 g.a.i proved the most 
effective combination showing maximum increase While NPK+metribuzin @ 100 
g.a.i and V—metribuzin @) 175 g.a.i followed it. Only at 90 DAS V+metribuzin 	175 
g.a.i, NPK+metribuzin @ 175 g.a.i marked at par results. Among the three controls 
the one with NPK recorded the maximum available P followed by vermicompost 
indicating the role of the two fertilizers in the availability of the essential macro 
plant nutrients. It may be pointed out that among all interactions and treatments, 
metribuzin (; 250 g.a.i proved excessive showing deleterious effect. Avilable P 
increased maximum upto 90 DAS after that it decreased. 
Available K 
Among the three concentrations of herbicide here also metribuzin u,@ 175 g.a.i 
proved optimum which increased this nutrient the most, followed by metribuzin @ 
100 g.a.i (Table 4.13).Whereas metribuzin @l 250 g.a.i again expressed the excessive 
effect . Expectedly NPK proved better treatment between the two fertilizers. While 
vermicompost followed which was better than control . The maximum increase with 
NPK was 11.54, 18.97, 12.34, 23.08 and 60.43 % at different intervals. Whereas 
vermicompost increased it up to by 3.85, 9.48, 9.48, 4.72, 38.69% at five samplings. 
Herbicide concentration and interactions were NS at 0 day. At later stages 
NPK+metribuzin @'F 175 g.a.i proved best among all combinations except at 60 and 
90 DAS where it recorded at par results with NPK control, V+metribuzin @ 175 g.a.i, 
NPK-metribuzin @ 100 g.a.i and NPK+metribuzin @ 100 g.a.i. In general 
metribuzin@ 250 g.a.i dose either given with NPK or vermicompost decreased it at 
most of the samplings. Like available P in case of the available K also NPK control 
was better in enhancing it. The soil available K increased with time up to 90 DAS. 
Available cu 
The soil Cu increased more with metribuzin @ 175 g.a.i followed by 
Metribuzin a 100 g.a.i over control at 30, 60, 90 and 120 DAS. Metribuzin '@ 175 
g.a.i marked 4.66, 7.64 and 13.43 and 13.95 % increase while metribuzin (a 100 g.a.i 
recorded 2.12, 1.91 and 3.73 and 3.88 % increase respectively(Table 4.14) . While 
the higher dose marked 2.97, 5.73 and 6.72 and 6.98 % decrease in available soil Cu 
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Table 4.13 Effect of herbicide doses on available potassium of wheat (Triticum 
uestivum L.) grown under NPK and vermicompost fertilizers. 
Available potassium (mg kg') 
Herbicide 0 DAS 30 DAS 
concentratio Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
ns (gal.) compost compost 
Control 29.12 32.48 30.24 30.61 30.24 36.96 34.72 33.97 
100 29.12 32.48 30.24 30.61 34.72 41.44 36.96 37.71 
175 29.12 32.48 30.24 30.61 35.84 42.56 38.08 38.83 
250 29.12 32.48 30.24 30.61 29.12 33.60 32.48 31.73 
Mean 	 29.12 	32.48 	30.24 	 32.48 	38.64 	35.56 
60 DAS 90 DAS 
Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
compost compost 
Control 32.48 39.40 36.96 36.28 54.88 66.08 56.00 58.99 
100 35.84 38.90 38.08 37.61 58.24 73.92 59.36 63.84 
175 36.96 39.20 39.20 38.45 62.72 75.04 67.20 68.32 
250 30.24 34.72 34.12 33.03 49.84 62.72 53.76 55.44 
Mean 33.88 38.06 37.09 56.42 69.44 59.08 
120 DAS 
Herbicide NPK Vermi 
compost 
Mean 
Control 36.96 59.36 53.76 50.03 
100 39.20 61.60 58.24 53.01 
175 41.44 74.80 60.48 58.91 
250 35.84 50.40 40.32 42.19 
Mean 38.36 61.54 53.20 
C.D. at 5% 
DAS Fertilizer Herbicide Interaction 
0 NS 0.538 NS 
30 0.547 0.632 1.066 
60 0.556 0.642 1.084 
90 0.944 1.091 1.841 
120 0.786 0.908 1.532 
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Table 4.14 Effect of herbicide doses on available Cu of wheat (Triticum aestivum L.) 
grown under NPK and vermicompost fertilizers. 
Available Cu (mg kg"') 
Herbicide 0 DAS 30 DAS 
concentratio Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
as (gal.) compost compost 
Control 1,14 1.20 1.22 1.19 2.30 2.38 2.41 2.36 
100 1.14 1.20 122 1.19 2.36 2.41 2.45 2.41 
175 1.14 1.20 1.22 1.19 2.42 2.49 2.51 2.47 
250 1.14 1.20 1.22 1.19 2.22 2.27 2.37 2.29 
Mean 1.14 1.20 1.22 2.33 2.39 2.44 
60 DAS 90 DAS 
Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
compost compost 
Control 1.52 1.56 1.62 1.57 1.28 1.31 142 1.34 
100 1.57 1.59 1.64 1.60 1.34 1.38 1.45 1.39 
175 1.65 1.70 1.71 1.69 1.44 1.47 1.04 1.52 
250 1.44 1.49 1.51 1.48 1.22 1.26 1.27 1.25 
Mean 1.55 1.59 1.62 1.32 1.36 1.45 
120 DAS 
Herbicide NPK 	Vermi Mean 
compost 
Control 1.24 1.26 	1.37 1.29 
too 1.29 [34 	140 1.34 
175 1.39 L42 	1.60 1.47 
250 1.17 1.21 	1.23 1.20 
Mean 	1.27 	1.31 	1.40 
C.D. at 5% 
DAS 	 Fertilizer 	 Herbicide 	 Interaction 
0 NS 0.021 NS 
30 0.036 0.043 NS 
60 0.024 0.028 NS 
90 0.021 0.024 0.041 
120 0.020 0.023 0.040 
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when compared with control. Considering the two fertilizers, vermicompost proved 
good as compared to NPK and control It registered 7.02, 4.72, 4.52, 9.85 and 1024 
% where as NPK marked 5.26, 2.58. 2.58 and 3.03 and 3.15 % increase in Cu 
content at 0, 30, 60, 90. 120 DAS respectively over control. The herbicides 
concentration at 0 day and interactions at 0. 30,60 DAS were NS. Among various 
interactions, at 90 and 120 DAS V+Metribuzin @ 175 g.a.i proved the best with 28.13 
% and 29.03 % increase as compared to control. Among other interactions 
NPK+tnetribuzin @ 175 g.a.i, V+metribuzin @ I00 g.a.i and V+metribuzin @ 100 
g.a.i on the one hand and metribuzin @ 175 g.a.i, V+C (vermicompost control) on 
the other were at par at 90 DAS while at last sampling also the trend remained more 
or less similar. At both stages high herbicide dose with both fertilizers gave decreased 
Cu content in soil. The availability of Cu increased up to 30 DAS . There was less 
difference in different concentrations of herbicide and the decrease at 60 DAS was 
quite sharp. At later stages the decrease became slower and followed similar trend 
with both fertilizers and herbicide doses alone . 
Available Mn. 
Metribuzin @ 175 g.a.i concentration increased the soil Mn also followed by 
metribuzin @ 100 g.a.i as compared to control. While metribuzin @ 250 g.a.i again 
decreased it. Metribuzin 'a_~, 175 g.a.i marked 12.61, 8.02, 44.55 and 44.68 % (Table 
4.15). While metribuzin @ 100 g.a.i 7.15, 5.04 , 28.88 and 28.90 % increase as 
compared to control at different samplings. Metribuzin @ 250 g.a.i reduced Mn with 
6.69, 2.65 and 11.39 %, 11.46 % at 30, 60 ,90 and 120 DAS respectively.. Between 
two fertilizers treatments here also vermicompost increased the Mn with 47.45, 16.55, 
12.70 , 45.02 and 45.60 % at five samplings respectively. While NPK followed it 
with 33.33, 10.30. 7.12 and 28.65, 28.91 % increase over control . Herbicide 
concentration and interactions were NS at 0 DAS. Considering various treatments 
and ineractions V+metribuzin @ 175 g.a.i proved optimum and metribuzin i¢ 250 
g.a.i with fertilizer or no fertilizers was poorest as compared to control at 30, 60, 90 
and 120 DAS. The combination V+rnetribuzin @ 175 g.a.i recorded 28.87. 20.96, 
108.24 and 108.87 % increase at different samplings. The availability of Mn 
increased maximum upto 30 DAS and it decreased marginally at 60 DAS, while 
sharply between 60 to 90 DAS. Mn in Aligarh soil followed almost similar trend as 
observed in Bulandshahar soil. 
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Table 4.15 Effect of herbicide doses on available Mn of wheat (Triticum aectivum L.) 
grown under NPK and vermicompost fertilizers. 
Available Mn (mg kg') 
Herbicide 0 DAS 30 DAS 
concentratio Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
ns (gal.) compost compost 
Control 4.11 5.48 6.06 5.22 12.16 13.02 13.84 13.01 
100 4.11 5.48 6.06 5.22 12.45 14.48 14.89 13.94 
175 4.11 5,4S 6.06 5.22 13.57 14.70 15.67 14.65 
250 4.11 5.48 6.06 5.22 11.14 1221 13.08 12.14 
Mean 4.11 5.48 6.06 12.33 13.60 14.37 
60 DAS 90 DAS 
Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
compost compost 
Control 11.31 12.41 12.59 12.10 534 5.76 7,08 6.06 
100 11.88 13.06 13.19 12.71 5.82 R.68 8.93 7.81 
175 12.29 13.24 13.68 13.07 6.06 9.10 11.12 8.76 
250 11.10 11,19 13.06 11.78 5.26 538 5.48 5.37 
Mean 11.65 12,48 13.13 5.62 7.23 8.15 
120 DAS 
Herbicide NPK 	Vermi Mean 
compost 
Control 5.30 5.72 	7.03 6.02 
100 5.77 8.63 	8.88 7.76 
175 6.00 9.05 	11.07 8.71 
250 5.21 5.33 	5.44 5.33 
Mean 5.57 	7.18 	8.11 
C.D. at 5% 
DAS Fertilizer Herbicide Interaction 
0 NS 0.091 NS 
30 0.205 0.237 0.400 
60 0.190 0.219 0.370 
90 0.110 0,127 0.215 
120 0.110 0.126 0.213 
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Available Zn 
As evident from table 4.16 like Cu and Mn here also metribuzin @ 175 g.a.i 
proved the most effective concentration for increasing soil Zn. It increased it up to 
2053,. 	14.41 and 1132 and 11.59%  at 30, 60, 90 and 120 DAS respectively . While 
metribuzin @ 100 g.a.i followed it with 12.11, 6.55 and 5.66 and 6.28% at all time 
intervals studied over control. Contrary to above observations metribuzin @ 250 
g.a.i proved excessive by decreasing Zn up to 10.00, 7.42 and 9.43. 9.66 % at four 
intervals . Herbicide dose and interactions were NS at 0 day. Again between two 
fertilizer treatments vermicompost increased the available Zn the most with 58.43, 
58.52, 20.47 and 29.79, 30.60 % over control. NPK followed it recording 
comparatively lower values at 0 30 60, 90 and 120 DAS respectively. Again like 
Mn the interaction V+metribuzin @ 175 g.a.i marked the maximum increase in Zn 
content also with 84.11, 48.95 and 51.67, 53.14% at four stages studied , whereas 
metribuzin @ 250 g.a.i alone or with fertilizers again proved excessive and reduced 
Zn with 24.30 and 1.11 % and 1.71 % at 30, 90 and 120 DAS. Zn increased 
maximum up to 30 DAS while it decreased at later stages . The trend in Aligarh soil 
was different when compared with Bulandshalrr soil. In addition the concentration of 
Zn was more in Aligarh soil and also it was more under vermicompost 
Available Fe 
The Fe content increased maximum with metribuzin @ 175 g.a.i (Table 4.17). 
It proved superior over other doses. Metribuzin @ 175 g.a.i increased the Fe with 
8.04, 9.91 and 31.78 %, 32.06 %. While metribuzin @ 100 g.a.i followed it with 2.78, 
5.66, 12.26 and 12.37 % increase over control at different stages. Here again 
metribuzin @250  g.a.i marked 5.26, 20.48, 5.33, 5.40 % decrease in Fe as compared 
to control.. While vermicompost proved better over NPK. Herbicide concentration at 
0 day and interactions were NS at 0 and 30 DAS. At 60, 90, 120 DAS. V+metribuzin 
@ 175 g.a.i proved optimum combination over all other interactions and treatments 
while metribuzin @ 250 g.a.i alone or NPK decreased the Fe most. Available Fe also 
followed almost similar trend like Cu, Mn, Zn as it was also increased maximum upto 
30 DAS. In Fe also effect of different doses of herbicide was very close between 0 to 
30 DAS, while at later stages it performed differently. Fe also was maximum under 
vermicompost. The decrease in Fe content was faster under herbicide alone and 
slower under fertilizer and herbicide between 30 to 60 DAS. 
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Table 4.16 Effect of herbicide doses on available Zn-ef wheat (Triticum aestivum L.) 
grown under NPK and vermicompost fertilizers. 
Available Zn (mg kg') 
Herbicide 0 DAS 30 DAS 
concentratio Herbicide NPK 	Vermi Mean 	Herbicide NPK Vermi Mean 
ns (gat.) compost compost 
Control 0.89 0.98 	1.41 1.09 	3.21 3.85 4.34 3.80 
100 0.89 0.98 	1.41 1.09 	3.37 4.15 5.27 4.26 
175 0.89 0.98 	1.41 1.09 	3.42 4.42 5.91 458 
250 0.89 0.98 	1.41 1.09 	2.43 3.64 4.18 3.42 
Mean 0.89 0.98 	1.41 3.11 4.02 4.93 
60 DAS 90 DAS 
Herbicide NPK 	Vermi Mean 	Herbicide NPK Vermi Mean 
compost compost 
Control 1.90 2.43 	2.54 2.29 	1.80 2.14 2,41 2.12 
100 2.22 2.47 	2.62 2.44 	1.96 2.22 2.54 2.24 
175 2.48 2.54 	2.83 2.62 	1.99 2.36 2.73 2.36 
250 1.98 2.00 	2.37 2.12 	1.78 1.90 2.08 1,92 
Mean 2.15 2.36 	2.59 1.88 2.16 	2.44 
120 DAS 
Herbicide NPK 	Vermi Mean 
compost 
Control 1.75 2.10 	2,36 2.07 
100 1.91 2.18 	2.50 2.20 
175 1.93 2.31 	2.68 2.31 
250 1.72 1.85 	2.03 1.87 
Mean 1.83 2.11 	2.39 
C.D. at 5% 
DAS Fertilizer Herbicide Interaction 
0 NS 0.020 NS 
30 0.062 0.072 0.121 
60 0.036 0.042 0.071 
90 0.033 0.038 0.064 
120 0.032 0.037 0.063 
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Table 4.17 Effect of herbicide doses on available Fe of wheat (Triticum aestivum L.) 
grown under NPK and vermicompost fertilizers. 
Available Fe (mg kg') 
Herbicide 0 DAS 30 DAS 
concentratio Herbicide NPK Venni Mean Herbicide NPK Vermi Mean 
ns (gal.) compost Compost 
Control 4.18 4.36 5.32 4.62 9.66 9.99 10.58 10.08 
100 4.18 4.36 5.32 4.62 9.81 10.27 11.00 10.36 
175 4.18 4.36 5.32 4.62 10.40 10.89 11.37 10.89 
250 4.18 4.36 5.32 4.62 9.16 9.59 9.91 9.55 
Mean 	4.18 	4.36 	5.32 	 9.76 	10.19 	10.72 
60 DAS 90 DAS 
Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
compost compost 
Control 7.50 9.87 10.16 9.18 5.27 5.81 6.28 5,79 
100 8.72 10.01 10.38 9.70 5.76 6.15 7.58 6.50 
175 8.76 10.43 11.07 10.09 7.48 7.58 7.83 7.63 
250 6.91 7.42 7.57 7.30 5.12 5.34 596 5.47 
Mean 7.97 9,43 9.80 5.91 6.22 6.91 
120 DAS 
Herbicide NPK 	Vermi Mean 
compost 
Control 5.23 5.76 	6.23 5.74 
100 5.71 6.11 	7.53 6.45 
175 7.42 7.53 	7.78 7.58 
250 5.07 5.30 	5.92 5.43 
Mean 	5.86 	6.18 	6.87 
C.D. at 5% 
DAS Fertilizer Herbicide Interaction 
0 NS 0.082 NS 
30 0.156 0.180 NS 
60 0.140 0.162 0.273 
90 0.098 0.113 0.191 
120 0.097 0.112 0.189 
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4.2 Experiment 11 ( Bulandshahr soil ), pot study 
4.2.1 Growth and yield parameters 
Plant height 
Pendimethalin @ 1000 g.a.i enhanced the plant height as compared to 
pendimethalin d; 500 g.a.i dose (Table 4.18 a). The former treatment recorded an 
increase of 6.12% followed by pendimethalin Vic, 500 g.a.i with an increase of 2.94% 
over control. higher dose of herbicide proved excessive as it decreased the plant 
height marginally by 1.19%. While inorganic fertilizer (NPK) followed by 
vermicompost (V) proved the best, which registered an increase of 4.52% over 
control. Interactions were non significant. 
Tiller number plant-1 
Pendimethalin @ 1000 g.a.i also proved effective as the plants receiving it as a 
dose of herbicide recorded more tillers than the remaining two concentrations 
pendimethalin !a, 500 g.a.i and pendimethalin 'u 1500 g.a.i (Table 4.18 b). It recorded 
an increase of 24.98% followed by pendimethalin 	500 g.a.i, with an increase of 
11.60% over control. While pendimethalin a 1500 g.a.i again proved excessive dose 
as it registered a decrease of 5.83%. Tiller formation was also significantly affected 
by both fertilizers where again NPK proved better giving 49.20% increase. Similarly 
vermicompost with 30.52 % increase over control also proved effective. Among 
various interactions NPK + pendimethalin 2 1000 g.a.i gave the maximum number 
of tillers followed by NPK+pendiniethalin n 500 g.a.i, V+pendimethalin !w 1000 
g.a.i, NPK+C, and V+pendimethalincnr 500 g.a.i with an increase of 84.76, 77.14, 
69.28%. 61.66% and 54.04% respectively. Rest of the interactions followed them and 
were critically different from one another. Interestingly it may be noted that NPK 
proved superior over vermicompost with all the three concentrations of herbicide. 
Similarly same was the case in the three controls tested where NPK+C gave 61.66 % 
more tillers while V+C recorded 38.57 % higher tillers over no NPK and no 
vermicompost control. It may also be observed that 	vermicompost with 
pendimethalin ~c~r~., 1000 g.a.i proved better over pendimethalin C 500 g.a.i which in 
turn was superior over pendimethalin @ 1500 g.a.i proving that the dose of herbicide 
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Table 4.18 Effect of herbicide doses on (a) plant height, (b) no. of tillers planf' and 
(c) no. of ears plant' of wheat (Triticum aestivum L.) grown under NPK 
and vennicompost fertilizers. 
Herbicide (a) Plant height (cm) 
concentration (gai.) Herbicide NPK Vermicompost Mean 
Control 67.50 73.40 70.00 7030 
500 68.90 75.40 72.80 72.37 
1000 71.80 77.70 74.30 74.60 
1500 66.40 72.10 69.90 69.47 
Mean 68.65 74.65 71.75 
(b) No. of tillers plant' 
Herbicide NPK Vermicompost Mean 
Control 4.33 700 6.00 5.78 
500 5.00 7.67 6.67 6.45 
1000 6.33 8.00 7.33 7.22 
1500 4.00 6.66 5.66 5.44 
Mean 4.92 733 6.42 
(c) No. of ears plant' 
Herbicide NPK Vermicompost Mean 
Control 4.00 6.00 5.33 5.11 
500 4.66 7.00 6.00 5.89 
1000 5.33 7.66 6.66 6.55 
1500 3.67 5.67 4.66 4.67 
Mean 4.42 6.58 5.66 
C.D. at 5% 
Fertilizer Herbicide Interaction 
Plant height 1.09 1.26 NS 
No. of tillers plant' 0.095 0.110 0.185 
No. of ears plant' 0.086 0.099 0.167 
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should be worked out properly to avoid its excessive use thereby proving costly for 
the farmer and harmful for the environment. 
Chlorophyll content 
Like some other parameters. chlorophyll contents were also comparatively 
more in pendimethalin "di 1000 g.a.i treated plants than pendimethalin a' 500 g.a.i and 
pendimethalin 	1500 g.a.i (Table 4.19). This concentration registered maximum 
chlorophyll contents recording 25.99, 17.18, 29.91 % increase at 30, 60 and 90 DAS 
respectively, which was followed by pendimethalin 'u 500 g.a.i giving 11.05, 6.30 
and 6.82 % increase over control. Again pendimethalin @ 1500 g.a.i reduced the 
chlorophyll in leaves even up to 13.00, 1.72, and 22.07% as compared to control at 
three samplings respectively. Expectedly inorganic fertilizer (NPK) treatment 
recorded the highest chlorophyll content and marked 8.46. 31.85 and 16.08 % 
increase at 30. 60, 90 DAS respectively. While the organic fertilizer vermicompost 
proved next to NPK showing 5.54, 18.38 and 4.77% increase at three stages over no 
fertilizer control. As far as interactions were concerned, the combination 
NPK—pendimethalin i 1000 g.a.i proved the best at all time intervals over all other 
combinations. All interactions were more or less critically different from one another. 
At 30 DAS, NPK+pendimethalin (u 1000 g.a.i and V+pendimethalin !) 1000 g.a.i 
shared same values statistically on the one hand while on the other it was followed by 
pendimethalin @ 1000 g.a.i. NPK+pendimethalin @ 500 g.a.i and V+pendimethalin 
u 500 g.a.i the latter two being at par. NPK+pendimethalin a 1500 g.a.i, 
V+pendimethalin 4i 1500 g.a.i and pendimethalin cv 1500 g.a.i registered 6.10, 7.32 
and 17.07% decrease over control at this stage showing the role of pendimethalin c 
1500 g.a.i in decreasing the chlorophyll content. The control of NPK and 
vermicompost were better than the control having neither NPK nor vermicompost. At 
60 DAS again interactions like NPK+pendimethalin @ 1000 g.a.i, 
NPK - pendimethalin c 500 g.a.i were equally effective while NPK+pendimethalin 
500 g.a.i. NPK+C. V+pendimethalin a: 1000 g.a.i, NPK+pendimethalin a 1500 g.a.i 
were at par at this stage only pendimethalin 'a 1500 g.a.i deceased the chlorophyll 
content. Control recorded at par results with pendimethalin a 500 g.a.i on one hand 
while with pendimethalin g: 1500 g.a.i on the other. At 90 DAS contrary to above 
two stages NPK+ pendimethalin @ 1000 g.a.i recorded significantly the maximum 
chlorophyll in leaves. Rest of the interactions were over lapping with one another. 
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Table 4.19 Effect of herbicide doses on chlorophyll contents of wheat (Triticum 
aestivum L.) grown under NPK and vermicompost fertilizers. 
Chlorophyll content 
Herbicide Herbicide NPK Vermicompost Mean concentrations (gai.) 
Control 1.64 1.78 1,66 1.69 
500 1.82 1.92 1.90 1.88 
1000 204 2.20 2.16 2.13 
1500 1.36 1.54 1.52 1.47 
Mean 1.72 1.86 1.81 
60 DAS 
Herbicide NPK Vermicompost Mean 
Control 2.90 4.04 3.54 3.49 
500 3,08 4.20 3.86 3.71 
l000 3.86 4.38 4.04 4.09 
1500 2.78 4.02 3.50 3.43 
Mean 3.16 4.16 3.74 
90 DAS 
Herbicide NPK Vermicorupost Mean 
Control 1.84 2.34 1.98 2.05 
500 2.06 2.40 2.12 2.19 
1000 252 2.86 2.62 2.67 
1500 1.54 1.64 1.62 1.60 
Mean 1.99 2.31 2.09 
C.D. at5 
DAS Fertilizer Herbicide Interaction 
30 0.031 0.036 0.060 
60 0.140 0.161 0.272 
90 0.083 0.096 0.162 
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Interestingly, like at 30 DAS, NPK pendimethalin @ 1500 g.a.i, V+pendimethalin @ 
1500 g.a.i and pendimethalin @1500 g.a.i showed at par values with 10.87, 11.96 and 
16.30% decrease in the chlorophyll content at three sampling stages. 
Ear number plant " t 
Significantly higher number of ears were also produced by plants treated with 
pendimethalin @ 1000 g.a.i followed by pendimethalin @ 500 g.a.i as compared to 
control (Table 4.18 c). Pendimethalin (,i 1500 g.a.i again proved excessive. 
Pendimethalin @ 1000 g.a.i and pendimethalin 	500 g.a.i enhanced the ear 
production by 28.18, 15.21% respectively over control. While pendimethalin @ 1500 
g.a.i decreased it by 8.67%. Among fertilizer treatments, NPK recorded 49.11% more 
numher of ears, while vermicompost marked an increase of 28.27% only. Most of the 
herbicide and fertilizer interactions were critically different in ear production with 
maximum value recorded under NPK+pendimethalin @ 1000 g.a.i giving an increase 
of 9150% over control, followed by NPK+pendimethalin @ 500 g.a.i, V 
+pendimethalin @ 1000 g.a.i, and NPK+C registering an increase of 75.00, 66.50% 
and 50.0% respectively. While NPK+C and V +pendimethalin @ 500 g.a.i were at 
par proving that low herbicide dose is not effective. Among other interactions 
pendimethalin ro 1000 g.a.i and vermicompost control (V+C) were equally effective 
in ear production. Similarly, pendimethalin @500 g.a.i and V+pcndimethalin @ 1500 
g.a.i were at par while pendimethalin @ 1500 g.a.i registered a decrease of 8.25%, 
there by showing toxic effect of higher dose. In ear production NPK was better than 
vermicompost even when given with medico or low herbicide dose. 
Grain number ear" 
In this yield characteristic also pendimethalin @ 1000 g.a.i application 
enhanced the number of grains (Table 4.20 c). An increase of 13.90% was recorded 
by it. While pendimethalin @ 500 g.a.i followed pendimethalin @ 1000 g.a.i with 
5.14% increase over control. Grain number was reduced with pendimethalin @ 1500 
g.a.i marking a decrease of 4.53%.The two fertilizer treatments affected the grain 
number significantly. Thus NPK proved better over vermicompost and control. The 
former treatment increased up to 24.20% more grains followed by vermicompost 
giving 14.57% increase over control. Interactions were non- significant. 
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Table 4.20 Effect of herbicide doses on (a) ear length, (b) ear weight plant I and (c) 
no. of grains ear " I of wheat (Triticum aestivum L.) grown under NPK and 
vermicompost fertilizers. 
Herbicide (a) Ear length (cm) 
concentrations (gai.) Herbicide NPK 	Vermicompost Mean 
Control 11.79 13.41 	 12.73 12.64 
500 12.01 13.77 	 13.24 13.01 
1000 13.08 14.00 	 13.63 13.57 
1500 11.01 13.13 	 12.25 12.13 
Mean 11.97 13.58 	 12.96 
(b) Ear weight plant (g) 
Herbicide NPK 	Vermicompost Mean 
Control 5.13 7.33 	 6.45 6.30 
500 5.86 8.01 	 7.22 7.03 
1000 6.60 8.25 	 7.68 7.51 
1500 4.04 6.88 	 6.15 5.69 
Mean 5.41 7.62 	 6.88 
(c) No. of grains ear 
Herbicide NPK 	Vermicompost Mean 
Control 32.33 40.33 	 37.67 36.78 
500 34.00 42.67 	 39.33 38.67 
1000 38.00 45.67 	 42.00 41.89 
1500 30.67 39.00 	 35.67 35.11 
Mean 33.75 41.92 	 38.67 
C.D. at 5% 
Fertilizer Herbicide 	Interaction 
Ear length 0.195 0.226 	 0.381 
Ear weight plant' 0.017 0.019 	 0.033 
No. of grains ear'' 0.580 0.670 	 NS 
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Length ear t 
Like other parameters explained above pendimethalin @ 1000 g.a.i also 
proved efficacious in enhancing the ear length in wheat crop plants which recorded 
the maximum ear length showing an increase of 733% over control (Table 4.20 a). 
Pendimethalin @ 500 g.a.i followed it marking 2.88% increase over control. Contrary 
to two treatments higher dose of herbicide could not perform well and registered 
marginal decrease. Between the two fertilizer treatments, NPK proved good followed 
by vermicompost with 13.41 and 8.27% increase in lengths of ear over control. While 
observing the interactions various combinations were equal in their effect in one way 
or the other. Thus NPK+pendimethalin @ 1000 g.a.i registered 18.75% increase, 
although it was at par with NPK+pendimethalin @ 1000 g.a.i, NPK+pendimethalin w 
500 g.a.i and V+pendimethalin @ 1000 g.a.i. Similarly V+pendimethalin @ 1000 
g.a.i and NPK+C were equally effective. While on the other hand V+pendimethalin 
@ 500 g.a.i, NPK+C, NPK+pendimethalin @ 1500 g.a.i and pendimethalin @ 1000 
g.a.i were matching in their effect. Pendimethalin @ 500 g.a.i and control also 
recorded similar values statistically and were lowest in ear length among all the 
values, except the pendimethalin @ 1500 g.a.i which recorded 6.62 % decrease 
indicating its adverse effect. 
Ear weight palm]  
Pendimethalin @ 1000 g.a.i proved better over other doses i-e pendimethalin 
@ 500 g.a.i, pendimethalin @ 1500 g.a.i in increasing the ear weight also (Table 
4.20b). It produced heavy ears than pendimethalin @ 500 g.a.i, pendimethalin @ 
1500 g.a.i and control 	and registered an increase of 19.21% followed by 
pendimethalin @ 500 g.a.i with 11.59% increase and pcndimethalin @ 1500 g.a.i 
gave 9.68% lesser ear weights. Considering fertilizer treatments maximum ear weight 
was produced by NPK followed by vemicompost and control. Among various 
interactions NPK—pendimethalin @ 1000 g.a.i did the best as compared to others. 
NPK+pendimethalin (a, 500 g.a.i, V+pcndimethalin @ 1000 g.a.i and NPK+C also 
performed well marking an increase of 56.14%, 49.71 and 42.89% over control. 
While among other combinations. V+pendimethalin @ 500 g.a.i, NPKTpendimethalin 
@ 1500 g,a.i, pendimethalin @ 1000 g.a.i and vermicompost control (V+C) followed 
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the above interactions as they were lower in their values. While pendimethalin 
1500 g.a.i proved toxic to plants as it recorded even lower ear weight than the control. 
1000 Grain weight 
The seeds treated with Pendimethalin @ 1000 g.a.i resulted in the production 
of heavier grains than pendimethalin @ 500 g.a.i and pendimethalin 2 1500 g.a.i 
(Table 4.21 b). Pendimethalin @ 1000 g.a.i dose registered on increase of 8.53 %, 
followed by pendimethalin !a; 500 g.a.i with 4.42% more test weight over control. 
Higher herbicide dose proved excessive as it decreased the test weight by 3.38 %. It 
may be pointed out that as observed in other parameters, this parameter also 
increased with NPK when compared to vermicompost. Thus significantly lower value 
was recorded with vermicompost giving 8.64 % less 1000 seed weight. While NPK 
enhanced it up to 15.27% when compared to control. Among interactions, 
NPK-'-pendimethalin Oa 1000 g.a.i proved superior over most of the other 
combinations, except NPK+pendimethalin @ 500 g.a.i which was at par marking 
20.80% increase. Similarly N-PK+pendimethalin @ 500 g.a.i and V+pendimethalin @ 
1000 g.a.i on the one hand and latter with NPK--C were equal statistically. All the 
remaining interactions were also beneficial as their values were higher than the 
control. Pendimethalin @ 1500 g.ad registered a decrease of 5.66% proving that 
excessive use of herbicides may cause decrease in test weight. Like seed yield in 1000 
seed weight also NPK when given with low herbicide dose was equal in test weight 
when compared with vermicompost and medium dose of herbicide. 
Grain yield plan) 
The grain yield was also significantly affected by the different treatments of 
herbicides and fertilizers showing a cumulative effect in seed yield due to enhanced 
yield parameters thus grain yield was maximum under pendimethalin @ 1000 g.a.i 
followed by pendimethalin @ 500 g.a.i.(Table 4.21 a) Expectedly like in other 
parameters pendimethalin fl 1500 g.a.i proved excessive there by giving the lowest 
seed yield. Thus plants treated with pendimethalin ~c"J 1000 g.a.i recorded an increase 
of 14.25% grain yield over control, followed by pendimethalin r,& 500 g.a.i with 
8.98% increase. On the other hand pendimethalin (g 1500 g.a.i recorded 4.48% 
decrease. As observed in most of the other parameters. NPK treatment was better than 
vermicompost when compared with control giving 30.15 % more over vermicompost 
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Table 4.21 Effect of herbicide doses on (a) grain yield plant'. (b) test weight and (c 
straw yield plant" of wheat (Triticwn aestivum L.) grown under NPK and 
vermicompost fertilizers. 
Herbicide (a) Grain yield plant'' (g) 
concentration (gal.) 	Herbicide NPK 	Vermicompost Mean 
Control 5.10 6.95 	 5.85 5.97 
500 5.55 7.21 	 6.75 6.50 
1000 5.95 7.45 	 7.05 6.82 
1500 5.00 6.50 	 5.60 5.70 
Mean 5.40 7.03 	 6.31 
(b) Test weight (g) 
Herbicide NPK 	Vermicompost Mean 
Control 42.55 48.88 	 44.28 45.24 
500 42.80 50.69 	 48.22 47.24 
1000 46.11 51.40 	 49.78 49.10 
1500 40.14 46.83 	 44.15 43.71 
Mean 42.90 49.45 	 46.61 
(c) Straw yield plant- ' (g) 
Herbicide NPK Vermicompost Mean 
Control 5.58 6.88 6.24 6.23 
500 5.87 7.15 6.85 6.62 
1000 6.40 7.72 7.07 7.06 
1500 5.30 6.56 6.10 5.99 
Mean 5.79 7.08 6.57 
C.U. at 5% 
Fertilizer Herbicide Interaction 
Grain yield plant- ' 0.095 0.110 0.185 
Test weight 0.705 0.814 1.373 
Straw yield plant"' 0.099 0.114 NS 
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and 16.91 % over control. Interactions also followed more or less similar trend as 
observed in other parameters. Thus NPKpendimethalin @ 1000 g.a.i registered the 
maximum grain yield with 46.08% increase over control. It was followed by 
NPK-pendimethalin @ 500 g.a.i and V+pendimethalin @ 1000 g.a.i which were also 
at par with each other , while V4-pendimethalin (a 1000 g.a.i and NPK+C were also 
equal in their effect. V+pendimethalin @ 500 g.a.i and pendimethalin (d., 1500 g.a.i, 
pendimethalin @ 1000 g.a.i marked an increase of 32.35, 27.45 and 16.67% in grain 
yield over control While pendimethalin (d, 1000 g.a.i and ViC were statistically 
equal. Pendimethalin @ 1500 g.a.i showed 1.96% decrease in yield of grains 
indicating its toxic effect. In seed yield, therefore, inorganic fertilizer with medium 
concentration may be treated as the best combination in this study. It may also be 
noted that with NPK even lower concentration was equally effective when compared 
with vemticompost and pendimethalin (oy 1000 g.a.i. Thus herbicide consumption 
may be reduced by applying suitable dose of NPK. 
Straw yield plant ' 
Significant effect of pendimethalin @ 1000 g.a.i dose was also observed on 
the production of straw (Table 4.21 c). It proved to be the best dose recording on 
increase of 13.32 % followed by pendimethalin @ 500 g.a.i with 6.26% increase as 
compared to control. While pendimethalin 	1500 g.a.i marked 3.95% decrease in 
straw yield. NPK treated plants registered highest straw yield followed by 
vetmicompost as compared to no fertilizer treatment. The former fertilizer registered 
22.29% more straw while vermicomnost 13.42 Y. more over control. Interactions 
were non significant. 
4.1.2 Soil enzyme activities 
Flourescein diacetate hydrolyzing (FDA H) activity 
As is clear from table 4.22, maximum increase (23.73%) was noted in FDAH 
activity at 30 DAS with pendimethalin @ 1000 g.a.i, followed by pendimethalin r@o, 
500 g.a.i . Only pendimethalin @ 1500 g.a.i decreased the enzyme activity by 
20.34% as compared to control. Whereas at 60, 90, 120 DAS pendimethalin @ 500 
g.a.i recorded increase and the other two concentrations decreased the enzyme 
activity as compared to control. Vermicompost proved superior over control and 
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Table 4.22 Effect of herbicide doses on lluorescein diacetate hydrolysis (FDAH) 
activity of wheat (I}iticum aestivum L.) grown under NPK and 
vermicompost fertilizers. 
FDAH activity (µg g') 
Herbicide U HAS 30 UAS 
concentratio Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
ns (gal.) compost compost 
Control 9.11 9.00 12 50 10.20 19.00 17.00 23.00 19.67 
500 9.11 9.00 12.50 10.20 20.50 19.00 2550 21.67 
1000 9.11 9.00 12.50 10.20 26.00 20.50 26.50 24.33 
1500 9.11 9.00 12.50 10.20 16.50 13.50 17.00 15.67 
Mean 9.11 9.00 12,50 2050 17.50 23.00 
60 DAS 90 DAS 
Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
compost compost 
Control 16.50 15.50 22.50 18.17 12.50 11.50 14.00 12.67 
500 18.00 15.50 23.50 19.00 13.00 13.00 14.50 13,50 
1000 16.50 13.50 20.00 16.67 12.00 9.50 12.50 11.33 
1500 14.00 12.50 15.50 14.00 9.00 8.00 11.00 9.33 
Mean 16.25 14.25 20.38 11.63 10.50 13.00 
120 DAS 
Herbicide NPK Vermi Mean 
compost 
Control 15.00 13.00 1900 15.67 
500 16.50 15.50 19.50 17.17 
1000 13.00 11.50 17.00 13.83 
1500 12.00 9.00 15.00 12.00 
Mean 14.13 12.25 17.63 
C.D. at 5% 
DAS 	 Fertilizer 	 Herbicide 	 Interaction 
0 NS 0.455 NS 
30 0.803 0.927 1.565 
60 0.672 0.776 1.309 
90 0.463 0.535 0.903 
120 0.587 0.678 NS 
NPK at all time intervals. While NPK recorded decrease in it at all samplings. 
Various interactions performed differently. At 30 DAS interactions having NPK were 
deleterious where as higher values were noted under vermicompost. Similar was the 
case at 60 DAS where V+pendimethalin (r) 500 g.a.i recorded the highest value for 
FDAH activity shared with vermicompost control .. Rest of the combinations were 
deleterious NPK+ pendimethalin @ 1000 g.a.i and NPK+ pendimethalin @ 1500 g.a.i 
were equally effective and the latter one gave the maximum (24.24%) decrease. At 
90 DAS also more or less similar type of results were noted which were critically 
different from each other in some cases and at par in some other. Here also maximum 
decrease in FDAII was recorded under NPK+pcudimethalin @ 1500 g.a.i 
Interactions were NS at 0,120 DAS. 
Dehydrogenase activity 
Maximum dehydrogenase activity was observed in control of herbicide at all 
time intervals i-e 30, 60, 90 and 120 except 0 day. Therefore, all concentrations of 
herbicide recorded decrease in enzyme activity . Thus enzyme activity decreased with 
increase in concentration (Table 4.23). Vermicompost recorded 119.23, 18.15, 20.68, 
23.49 and 27. 27% increase over control. While NPK registered 19.23, 13.75, 23.58, 
33.56 and 14.55% decrease . Interactions were NS at 0 day, however at 30, 60, 90 
and 120 DAS interactions performed critically different from one another. Only 
vermicompost control recorded the maximum increase at all time intervals. On the 
other hand NPK+pendimeltialin @ 1500 g.a.i decreased the maximum dehydrogenase 
activity when observed at 30, 60, 90 and 120 DAS respectively. All combinations of 
herbicide and fertilizer gave decreased enzyme activity except vermicompost control. 
Alkaline phosphatase activity 
Maximum enzyme activity was noted in control (Table4.24 ) at 60, 90 120 
DAS. While pendimethalin @ 500 g.a.i, pendimethalin @ 1000 g.a.i and 
pendimethalin @ 1500 g.a.i marked significant decrease in it. It may be pointed out 
that with pendimethalin @ 1000 g.a.i and pendimethalin @. 1500 g.a.i decrease was 
at par with each other at 60, 90, 120 DAS and it was lowest also. While herbicide 
concentrations were NS at 0 and 30 DAS. Maximum increase in alkaline phosphatase 
activity was registered with vemicompost over no fertilizer control. Whereas NPK 
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Table 4.23 Effect of herbicide doses on dehydrogenase activity of wheat (Trilicum 
aestivion L.) grown under NPK and vermicompost fertilizers. 
Dehydrogenase activity (µg g'') 
Herbicide 	 U LAS 	 it, uA~ 
concentratio Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
ns (gai.) compost compost 
Control 1.82 1.47 3.9(1 2.43 10.99 10.47 13.30 11.59 
500 1.82 1.47 3.99 2.43 9.59 9.66 11.41 10.22 
1000 1.82 1.47 3.99 2.43 8.89 6.93 10.01 8.61 
1500 1.82 1.47 3.99 2.43 7.77 5.04 9.28 7.36 
Mean 1.82 1.47 3.99 9.31 8.03 11.00 
60 DAS 90 DAS 
Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
compost compost 
Control 10.99 7.77 11.90 10.22 5.78 3.57 6.48 5.28 
500 8.89 6.67 10.22 8.59 4.94 3.29 5.67 4.63 
1000 6.73 5.74 8.68 7.05 4.83 3.22 5.29 4.45 
1500 5.11 4.06 7.46 5.51 2.31 1.79 4.62 2.91 
Mean 7.93 6.06 9.57 4.47 2.97 5.52 
120 DAS 
Herbicide NPK Vermi Mean 
compost 
Control 8.19 6.48 10.47 8.38 
500 6.68 5.67 7.77 6.71 
1000 5.29 4.69 7.00 5.66 
1500 4.03 3.85 5.57 4.48 
Mean 6.05 5.17 7.70 
C.D. at 5% 
DAS 	 Fertilizer 	 Herbicide 	 Interaction 
0 NS 0.048 NS 
30 0.150 0.174 0.293 
60 0.129 0.149 0.252 
90 0.072 0.083 0.141 
120 0.103 0.119 0.200 
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Table 4.24 Effect of herbicide doses on alkaline phosphatase activity of wheat 
(Triticum aestivum L.) grown under NPK and verrnicompost fertilizers. 
Alkaline phosphatase activity (pg g) 
Herbicide U DAS 3U DAS 
cnacentratlo Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
ns (gal.) compost compost 
Control 88.60 6230 111.00 87.30 101.50 88.60 117.50 102.53 
500 88.60 62.30 111.00 87.30 103.50 90.30 119.00 104.27 
1000 88.60 6230 111.00 87.30 107.00 9100 121.00 106.33 
1500 88.60 62.30 111.00 87.30 100.50 57.30 115.50 101.10 
Mean 88.60 62.30 111.00 103.13 8930 118.25 
60 DAS 90 DAS 
Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
compost compost 
Control 10350 83.60 116.00 101.03 87.00 57.30 108.50 84.27 
500 99.50 81.30 115.00 98.60 83.00 55.30 107.00 81.77 
1000 95.50 79.00 113.00 9483 81.00 53.30 10450 79.60 
1500 93.00 77.60 109.50 93.37 77.00 51.60 101.50 76.70 
Mean 	97.88 	80.38 	113.38 	 82.00 	54.38 	105.38 
120 DAS 
Herbicide NPK Vermi Mean 
compost 
Control 95.00 65.30 116.50 92.27 
500 93.00 63.60 114.00 90.20 
1000 90.30 62.30 111.50 88.03 
1500 88.60 60.60 108.00 85.73 
Mean 	91.73 	62.95 	112.50 
C.D. at 5% 
DAS 	 Fertilizer 	 Herbicide 	 Interaction 
0 NS 403 NS 
30 NS 4.64 NS 
60 3.80 4.39 NS 
90 3.26 3.76 NS 
120 3.57 4.12 NS 
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recorded decrease in enzyme activity at 0, 30, 60, 90 and 120 DAS. Interactions were 
NS at all the stages studied. 
Acid phosphatase activity 
Its activity was decreased with increase in herbicide concentration at 60, 90, 
120 DAS. While it was more in control at these stages, however at 30 DAS this 
enzyme activity was comparatively more in pendimethalin ,rt,U 1000 g.a.i (Table 4.25). 
Thus pendimethalin 	1500 g.a.i recorded the maximum decrease. At 0 day herbicide 
concentrations was NS. Whereas maximum values for acid phosphatase activity, were 
noted with vermicompost , while NPK decreased it at all intervals.. Inorganic 
fertilizer treatment affected both acid and alkaline activities. While organic fertilizer 
increased the two enzyme activity. Interactions showed significant effects at 30, 60 
DAS only. At former stage V+-pendimethalin @ 1000 g.a.i, V-pendimethalin @ 500 
g.a.i, pendimethalin @ 1000 g.a.i and V+C were statistically similar on one hand, 
while V+C and pendimethalin g. 500 g.a.i on the other. The latter herbicide dose and 
control were also equally effective on one hand and control, NPK+pcndimethalin @ 
1000 g.a.i, V+pendimethalin @ 1500 g.a.i and NPK+pendimethalin @ 500 g.a.i on 
the other. Similarly at 60 DAS, V+C and V--pendimethalin @ 500 g.a.i registered at 
par results. While other interactions recorded decrease in acid phosphatase activity 
and the maximum decrease was noted with NPK+pendimethalira a, 1500 g.a.i. In 
general inorganic fertilizer and all the three concentrations of herbicide recorded 
decrease in enzyme activity. 
4.1.3 Soil characteristics 
pH 
Pendimethalin @ 1500 g.a.i recorded increased pH as compared to control, at 
30 and 90 DAS. Contrary to above pendimethalin @ 500 g.a.i registered 1.06 and 
.65% decrease while pendimethalin @ 1000 g.a.i further decrease it up to 2.13% and 
1.83% as compared to control at 30 and 90 DAS respectively. At 0, 60, 120 DAS 
effect of herbicide concentration was NS (Table 4.26).Considering fertilizer 
treatments, NPK recorded more pH giving 3.21 and 0.71% increase over NPK 
control. Whereas vermicompost treatment receded 0.39 and 3.65% decrease at 0, 30 
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Table 4.25 Effect of herbicide doses on acid phosphatase activity of wheat (Triticum 
aestivurn L.) grown under NPK and verrnicompost fertilizers. 
Acid phosphatase activity (µg g") 
Herbicide 0 DAS 30 DAS 
concentratio Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
ns (gai.) compost compost 
Control 58.25 56.50 61.50 58.75 83.22 79.47 88.30 83.66 
500 58.25 56.50 61.50 58.75 85.65 80.57 89.62 85.28 
1000 58.25 56.50 61.50 58.75 89.40 81.68 91.61 87.56 
1500 58.25 56.50 61.50 58.75 79.47 79.47 81.68 80.21 
Mean 58.25 56.50 61.50 84.44 80.30 87.80 
60 DAS 90 DAS 
Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
compost compost 
Control 54.72 53.64 57.9 3 55.43 31.22 29.60 33.91 31.58 
500 53.64 49.35 55.93 52.97 30.14 29.39 32.29 30.61 
1000 46.67 48.28 49.35 48.10 29.60 28.00 31.75 29.78 
1500 38.89 37.89 46.67 41.15 27.99 26.38 29.82 28.06 
Mean 48.48 47.29 52.47 29.74 28.34 31.94 
120 DAS 
Herbicide NPK Vermi Mean 
compost 
Control 49.78 49.23 50.32 49.78 
500 47.23 45.95 49.23 47.47 
1000 39.93 38.29 39.93 39.38 
1500 35.55 33.36 36.65 35.19 
Mean 43.12 41.71 44.03 
C.D. at 5% 
DAS Fertilizer Herbicide Interaction 
0 NS 2.60 NS 
30 1.85 2.14 3.60 
60 1.55 1.78 3.01 
90 1.16 1.33 NS 
120 1.69 1.95 NS 
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Table 4.26 Effect of herbicide doses on pH of wheat (Triticum aestivaon L.) grown 
under NPK and vermicompost fertilizers. 
PH 
Herbicide 0 DAS 30 DAS 
concentratio Herbicide NPK Verm, Mean Herbicide NPK Vermi Mean 
as (gal.) compost compost 
Control 7.78 803 775 7.85 8.52 8.54 3.34 8.47 
500 7.78 8.03 7.75 7.85 8.50 8.53 3.10 8.38 
1000 7.78 8.03 7.75 7.85 843 8.49 7.96 8.29 
1500 7.78 8.03 7.75 7.85 8.55 8.67 6.36 8.53 
Mean 7.78 8.03 7.75 8.50 8.56 8.19 
60 DAS 90 DAS 
Herbicide NPK Venal can Herbicide NPK Vermi Mean 
compost compost 
Control 7.80 7.70 7.71 7.74 7.68 7.60 7.63 7.64 
500 7.77 7.68 7.68 7.71 7.64 7.56 7.57 7.59 
1000 7.66 TO 7.63 7.63 7.62 7.37 7.51 7.50 
1500 7.83 7.72 7.72 7.76 7.77 7.66 7.67 7.70 
Mean 	 7.77 	7.68 	7.69 	 7.68 	7.55 	7.60 
120 DAS 
Herbicide NPK 	Vermi Mean 
compost 
Control 7.69 7.61 	7.66 7.65 
500 7.66 7.58 	7.64 7.63 
1000 7.65 7.52 	7.63 7.60 
1500 7.80 7.69 	7.70 773 
Mean 	 7.70 	7,60 	7.66 
C.D. at 5% 
DAS 	 Fertilizer 	 Herbicide 	 Interaction 
0 NS 0.139 NS 
30 0.129 0.149 NS 
60 NS NS NS 
90 0.117 NS NS 
120 NS NS NS 
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DAS respectively. At other time intervals fertilizer treatment was NS in additions to 
interactions at all samplings. 
Organic carbon 
Pendimethalin na, 1000 g.a.i recorded 9.67 % increase in organic carbon at 30 
DAS over control (Table 4.27). While pendimethalin @ 500 g.a.i followed 
pendimethalin (ate 1000 g.a.i with 417% increase and 3.50% decrease due to 
pendimethalin @ 1500 g.ai.. Whereas at 60, 90, 120 DAS the trend was mor or less 
similar . Where pendimethalin @ 500 g.a.i recorded the maximum organic carbon 
over C with 2.68, 13.13, and 3.36 % increase respectively. On the contrary 
pendimethalin @ 1000 g.a.i and pendimethalin @ 1500 g.a.i recorded decrease in this 
parameter. Pendimethalin ~,'a, 1500 g.a.i recorded more decrease as compared to 
pendimethalin @ 1000 g.a.i and control. Cotrary to some other parameters maximum 
organic carbon was noted with vermicompost over control at all stages. While NPK 
treatment decreased it as compared to control at all intervals i-e., 0, 30. 90 and 120. At 
0 day, interactions were NS. While at other stages they performed significantly. At 30 
DAS maximum increase was marked with V+pendimethalin @ 1000 g.a.i followed by 
V+pendimcthalin @ 500 g.a.i, pendimethalin @ 1000 g.a,i, V+C, 
NPK —pendimcthalin @ 1000 g.a.i, V+pendimethalin @ 1500 g.a.i and pendimethalin 
(6y 500 g.a.i in that order. NPK+pendimethalin , 1500 g.a.i recorded the maximum 
decrease at this stage. At 60 DAS V-'-pendimethalin rc~J 500 g.a.i registered at par 
value with C and pendimethalin @ 500 g.a.i and V+C. NPK+ pendimethalin @ 1500 
g.a.i again recorded maximum decrease . At 90 DAS also at par values were noted in 
V+pendinethalin @ 500 g.a.i, pendimethalin @ 500 g.a.i, NPK i-pendimethalin 
500 g.a.i, V+C and V+pcndiutethalin @ 1000 g.a.i on one hand and V+pendimethalin 
1000 g.a.i and V+pendimethalin (a; 1500 g.a.i on the other. NPK+pendimethalin @ 
1500 g.a.i recorded the maximum decrease . At 120 DAS also more or less similar 
type of results were recorded. 
4.1.4 Soil nutrients and hcaw metals 
Ammonium nitrogen (NH,r'- nitrogen) 
Pendimethalin (a; 1000 g.a.i proved most effective in increasing the NH4"-
nitrogen followed by pendimethalin @ 500 g.a.i when compared with control at 30, 
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Table 4.27 Effect of herbicide doses on organic carbon of wheat (Triticum aestivcor 
L.) grown under NPK and vermicompost fertilizers. 
Organic carbon (%) 
Herbicide 0 DAS 30 DAS 
concentratix Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
ns (gal.) compost compost 
Control 0.450 0.435 0.458 0.448 0.615 0.548 0.638 0.600 
500 0.450 0.435 0.458 0.448 0.623 0.600 0.653 0.625 
1000 0.450 0.435 0.458 0.448 0.645 0.630 0.698 0.658 
1500 0.450 0.435 0.458 0.448 0.608 0.500 0.630 0.579 
Mean 0.450 0.435 0.458 0.623 0.570 0.655 
60 DAS 90 DAS 
Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
compost compost 
Control 0.578 0.525 0.578 0.560 0.465 0.450 0.525 0.480 
500 0.578 0.555 0.593 0.575 0.540 0.533 0.555 0.543 
1000 0.533 0.495 0.570 0.533 0.458 0.450 0.525 0.478 
1500 0.510 0.488 0.555 0.518 0.435 0.413 0.518 0.455 
Mean 0.550 0.516 0.574 0.475 0.462 0.531 
120 DAS 
Herbicide NPK Vermi Mean 
compost 
Control 0.525 0.518 0.563 0.535 
500 0.548 0.548 0.563 0.553 
1000 0.518 0.465 0.555 0.513 
1500 0.503 0.458 0.548 0.503 
Mean 0.524 0.497 0.557 
C.D. at 5% 
DAS Fertilizer Herbicide Interaction 
0 NS 0.020 NS 
30 0.019 0.022 0.037 
60 0.011 0.012 0.021 
90 0.015 0.018 0.030 
120 0.016 0.019 0.032 
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Table 4.28 Effect of herbicide doses on available ammonium nitrogen (NH4+-N2) of 
wheat (Triticum aestivum L.) grown under NPK and vermicompost 
fertilizers. 
Available NH,`-N2 (mg kg"') 
Herbicide 0 DAS 30 DAS 
concentratio Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
ns (gal.) compost compost 
Control 11.40 13.75 12.50 12.55 14.20 20.40 18.75 17.78 
500 11.40 13.75 12.50 12.55 15.60 21.80 20.10 19.17 
1000 11.40 13.75 12.50 12.55 16.20 23.70 21.30 20.40 
1500 11.40 13.75 12.50 12.55 13.00 18.90 17.40 16.43 
Mean 11.40 13.75 12.50 14.75 21.20 19.39 
60 DAS 90 DAS 
Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
compost compost 
Control 21.30 26.40 23.90 23.87 24.90 28.60 27.00 26.83 
500 22.50 27.60 24.90 25.00 26.40 30.70 29.20 28.77 
1000 23.70 28.80 26.40 26.30 27.90 32.90 30.40 30.40 
1500 20.10 24.50 21.80 22.13 22.50 27.50 26.20 25.40 
Mean 21.90 26.83 24.25 25.43 29.93 28.20 
120 DAS 
Herbicide NPK Vermi Mean 
compost 
Control 23.40 26.60 24.50 24.83 
500 24.90 28.60 27.60 27.03 
1000 25.20 30.00 28.80 28.00 
1500 21.30 24.90 23.80 23.33 
Mean 23.70 	27.53 	26.18 
C.D. at 5% 
DAS Fertilizer Herbicide Interaction 
0 NS 0.550 NS 
30 0.282 0.325 0.549 
60 0.928 1.071 NS 
90 1.065 1.230 NS 
120 0.395 0.456 0.770 
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60, 90 and 120 DAS (Table 4.28).While pendimethalin @ 1500 g.a.i recorded 
decrease in this form of soil nitrogen at all time intervals showing deleterious effect. 
Between the fertilizer treatments, inorganic fertilizer recorded up to 20.61, 43.73, 
22.51. 17.70 and 16.16 % increase at 0, 30, 60, 90 and 120 DAS respectively 
followed by vermicompost with 9.65, 31.46, 10.73, 10.89 and 10.46% increase over 
control indicating the role of inorganic fertilizers in supplying the ammonium 
nitrogen more. Interactions were NS at 0.60, 90, DAS while at 30 DAS, 
NPK+pendimethalin @ 1000 g.a.i recorded up to 66.90 % increase over control and 
NPK+pendimethalin ' 500 g.a.i and V+pendimethalin @ 1000 g.a.i followed it and 
both were equally effective. At 120 DAS among various interactions again, 
NPK+pendimethalin c. 1000 g.a.i proved the best with 28.21 % increase as compared 
to control while V+pendimethalin @ 1000 g.a.i and NPK+pendimethalin @ 500 g.a.i 
were equally effective and followed the V+pendimethalin @ 1000 g.a.i. NH4+- N2 
increased upto 90 DAS after that it decreased. 
Available P 
Phosphorus enhanced under pendimethalin @ 1000 g.a.i over control followed 
by pendimethalin ( 500 g.a.i with 32.89, 26.18, 26.06 and 26.45 % increase at 30, 
60, 90 and 120 DAS (Table 4.29). At 0 day herbicide concentration and interactions 
were NS. Pendimethalin u 1500 g.a.i concentration proved excessive showing 
deleterious effect. Therefore it recorded decrease at most time intervals . It may be 
of interest to note that between inorganic and organic fertilizers NPK increased it the 
most. Maximum increase was 15.94, 105.25, 72.52, 38.86 and 26.51 % with NPK, 
while vermicompost recorded 9.78, 66.85, 34.35, 20.97 and 17.06 % increase over 
control at 	five samplings respectively. In case of available P among various 
interactions NPK+pendimethalin a 1000 g.a.i proved superior among all 
combinations which was followed by NPK+pendimethalin @ 500 g.a.i, 
V+pendimethalin@ 1000 g.a.i and NPK control. Only at 60 DAS, NPK control and 
V+pendimethalin @ 1000 g.a.i recorded at par results, while at 120 DAS 
V+pendimethalin («,. 1000 g.a.i was next to NPK+pendimethalin @ 1000 g.a.i. 
Pendimethalin @ 1500 g.a.i. proved deleterious at all time intervals. The availability 
of P increased with respect to days up to 90 DAS after that it decreased slightly while 
with respect to doses also it increased up to pendimethalin @ 1000 g.a.i and decreased 
with pendimethalin 1& 1500 g.a.i. 
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Table 4.29 Effect of herbicide doses on available phosphorus of wheat (Triticum 
aestivum L.) grown under NPK and vermicompost fertilizers. 
Available phosphorus (mg kg") 
Herbicide 	 0 DAS 	 30 DAS 
concentratio Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
ns (gal.) compost compost 
Control 2.76 3.20 3.03 3.00 3.03 7.32 5.52 5.29 
500 2.76 3.20 3.03 3.00 3.44 7.72 5.92 5.69 
1000 2.76 3.20 3.03 3.00 5.00 8.60 7.50 7.03 
1.500 2.76 3.20 3.03 3.00 3.00 6.06 5.20 4.75 
Mean 2.76 3.20 	3.03 3.62 7.43 6.04 
60 DAS 90 DAS 
Herbicide NPK 	Vermi Mean Herbicide NPK Vermi Mean 
compost compost 
Control 5.12 8.60 	6.00 6.57 8.00 10.92 9.52 9.48 
500 5.20 9.32 	8.12 7.55 9.32 12.72 10.72 10.92 
1000 5.64 10.72 	8.52 8.29 9.92 13.92 12.00 11.95 
1500 5.00 7.52 	5.52 6.01 6.52 9.32 8.60 8.15 
Mean 5.24 9.04 	7.04 8.44 11.72 10.21 
120 DAS 
Herbicide NPK 	Vermi Mean 
compost 
Control 7.10 9.11 	8.19 8.13 
500 8.24 10.00 	9.10 9.11 
1000 8.84 11.44 	10.55 10.28 
1500 6.29 8.00 	7.82 7.37 
Mean 7.62 9.64 	8.92 
C.D. at 5% 
DAS Fertilizer Herbicide Interaction 
0 NS 0.053 NS 
30 0.088 0.102 0.172 
60 0.110 0.127 0.214 
90 0.157 0.181 0.306 
120 0.135 0.155 0.262 
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Available K 
Like available P it also increased with pendimethalin @ 1000 g.a.i followed 
by pendimethalin @ 500 g.a.i over control (Table 4.30). The former herbicide 
concenrralion increased the available K up to 10.54, 10.38. 16.52 and 21.10 %, while 
pendunethalin @2500   g.a.i 7.54, 3.75, 3.90 and 9.38% at 30, 60, 90 and 120 DAS 
respectively as compared to control. It decreased with higher dose of herbicide at all 
the stages. Between insorganic and organic fertilizers, NPK proved superior while 
vermicompost (V) followed it at 0, 30, 60, 90 and 120 DAS . Herbicides 
concentration and fertilizer interactions were NS at 0 day. At later stages it was 
significant. 	NPK+pendimethalin (au; 1000 g.a.i proved superior to all other 
interactions and treatments while pendimethalin @ 1500 g.a.i proved inferior at all 
time intervals recording maximum increase and decrease respectively. At 30, 60, 90 
and 120 DAS NPK+pendimethaliv ter 1000 g.a.i registered 34.78, 19.23, 35.48 and 
43.33 % increase over control. At 30 DAS, various interactions acted differently, 
while some interactions were equally effective. Similar observations were made at 
later stages also. The availability of K increased with time. It increased upto 90 DAS 
after that it decreased, while with herbicide dose it increased upto pendimethalin @ 
1000 g.a.i and decreased with pendimethalin @ 1500 g.a.i.. 
Available Cu 
The soil Cu increased maximum with pendimethalin (r@ 1000 g.a.i. followed 
by pendimethalin a, 500 g. a.i. over C (Table 431) at 30, 60, 90 and 120 DAS. It 
increased up to 23.08, 4.97 and 11.81 % and 11.43 % while pendimethalin @ 500 g. 
a.i. gave 8.24, 1.24 and 3.47, 3.57% more over control. Contrary to two 
concentrations pendimethalin @ 1500 g.a.i. reduced it with 5.50, 6.83 and 6.25 and 
6.43 % as compared to control. Between two fertilizers, organic fertilizer 
(vernticompost) increased the Cu more giving 4.10, 22.60, 10.60 and 14.71. 15.15 % 
increase at five samplings respectively. Whereas NPK followed it with 1.64, 6.22, 
8.61. 9.56, 9.85 % increase at 0, 30, 60, 90 and 120 DAS respectively over control. 
Herbicide concentration and fertilizer interactions were NS at 0 day. It may be 
observed by going through the interactions at other stages that most of them were 
overlapping in one way or other with one another. Over all picture indicates that 
vermicompost as well as NPK were more or less equally effective when given with 
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Table 4.30 Effect of herbicide doses on available potassium of wheat (Trizicum 
uesiitiwrn L.) grown under NPK and vermicompost fertilizers. 
Available potassium (ing kg ") 
Herbicide 0 DAS 30 DAS 
concentratio herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
ns (gai.) compost compost 
Control 23.52 26.68 25.76 25.32 25.76 32.48 26.88 28.37 
500 23.52 26.68 25.76 25.32 28.80 33.60 29.12 30.51 
1000 23.52 26.68 25.76 25.32 29.12 34.72 30.24 31.36 
1500 23.52 26.68 25.76 25.32 23.86 28.00 26.68 26.18 
Mean 	23.52 	26.68 	25.76 	 26.89 	32.20 	28.23 
60 DAS 90 DAS 
Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
compost compost 
Control 29.12 32.48 31.20 30.93 34.72 41.44 39.20 38.45 
500 30.20 33.60 32.48 32.09 35.84 4368 40.32 39.95 
1000 33.60 34.72 34.10 34.13 42.56 47.04 44.80 44.80 
1500 28.00 30.08 28.90 28.99 33.60 38.08 36.96 36.21 
Mean 3023  32.72 31.67 36.68 42.56 40.32 
120 DAS 
Herbicide NPK Vermi Mean 
compost 
Control 33.60 34.72 32.48 33.60 
500 34.72 41.44 34.10 36.75 
1000 35.84 48.16 38.08 40.69 
1500 30.24 33.20 31.60 31.68 
Mean 	33.60 	39.38 	34.07 
C.D. at 5% 
DAS 	 Fertilizer 	Herbicide 	Interaction 
0 NS 0.444 NS 
30 0.447 0.517 0.872 
60 0.482 0.557 0.939 
90 0.607 0.701 1.183 
120 0.552 0.637 1.076 
Table 4.31 Effect of herbicide doses on available Cu of wheat (Tri(icum aestivum L.) 
grown under NPK and veroricompost fertilizers. 
Available Co (mg kg') 
Herbicide 0 DAS 30 DAS 
concentratio Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
us (gal.) compost compost 
Control 1.22 1.24 1.27 1.24 1.58 1,70 2.19 1.82 
500 1.22 1.24 1.27 1.24 1.78 1,92 2.21 1.97 
1000 122 1.24 1.27 1.24 2.17 2.22 2.34 2.24 
1500 1,22 1.24 1.27 1.24 1.54 1.68 1.93 1.72 
Mean 	 1.22 	1.24 	127 	 1.77 	1.88 	2.17 
60 DAS 90 DAS 
Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
compost compost 
Control 1.55 1.64 1.64 1 61 1.31 1.50 1.51 1.44 
500 1.56 1.65 1.69 1.63 1.34 1.55 1.58 1.49 
1000 1.60 1.72 1.76 1.69 1.52 1.63 1.67 1.61 
1500 1.34 1.56 1.60 1.50 1.26 1.29 1.49 1.35 
Mean 1.51 1,64 1.67 1.36 1.49 1.56 
120 DAS 
Herbicide NPK 	Vermi Mean 
compost 
Control 1.26 1.46 	1.47 140 
500 1.31 1.50 	1.55 1.45 
1000 1.48 1.58 	1.63 1.56 
1500 1.23 1.25 	1.44 131 
Mean 	 1.32 	1.45 	1.52 
C.D. at 5% 
DAS Fertilizer Herbicide Interaction 
0 NS 0.022 NS 
30 0,030 0.035 0.058 
60 0.025 0.028 0.048 
90 0.022 0.026 0.044 
120 0.022 0.025 0.043 
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pendimethalin @ 1000 g.a.i in enhancing the Cu content. On the other hand 
pendimethalin ( 1500 g.a.i. alone or with NPK decreased it significantly. The 
availability of Cu increased maximum up to 30 DAS and after that it deceased sharply 
at 60 DAS. The further decline upto 120 DAS was comparatively slower. 
Availaswble Mn 
Pendimethalin @ 1000 g.a.i again proved effective concentration in enhancing 
the Mn in soil. It increased Mn by 8.62, 14.73. 15.53 and 15, 62 %, whereas 
pendimethalin @. 500 g. a.i. increased it by 3.67, 3.68, 10.3] and 10.37 % at 30, 60, 
90 and 120 DAS respectively over control (Table 4.32). While pendimethalin @ 
1500 g.a.i. showed decrease in it at all time intervals. Considering fertilizer treatments 
vermicompost proved better over NPK as compared to no fertilizer control. It 
enhanced soil Mn Upto 30.69, 25.97, 9.01 and 19.30, 19.27% whereas NPK increased 
it 1330, 13,73, 4.46, 6.99 and 6.88 % at 0, 30. 60, 90 and 120 DAS respectively over 
control. Herbicide concentration at 0 day and interactions at 0 and 30 DAS were NS. 
At three later stages the concentration of Mn in soil was increased with the application 
of vermicompost and pcndimcthalin @ 1000 g.a.i . it was followed by the same dose 
of herbicide and NPK. On the other side pendimethalin @ 1500 g.a.i. was responsible 
for its decrease irrespective of the fertilizer types or even the control (no fertilizer). 
Surprisingly contrary to Cu in case of Mn the decrease was comparatively less from 
30 to 60 DAS after that it was faster while between 90 to 120 DAS it was almost 
negligible. 
Available Zn 
The efficiency of pendimethalin @ 1000 g.a.i. again proved effective in 
enhancing the Zn content in the soil (Table 4.33). This dose increased Zn upto 24.49, 
21.07, 54.95, 55.56 %, while pendimethalin @500 g.a.i. followed it giving 13.15, 
10.15, 18.32, 18.69 % over control. While pendimethalin @1500 g.a.i. again reduced 
it . Vermicompost proved efficacious as compared to NPK. It improved Zn with 
52.13, 13.24, 25.00 and 2749,29.13%, while NPK enhanced it 7.45, 6.39, 19.44 and 
8.53, 9.22 % at live samplings. Herbicide concentration and interactions were NS at 
0 DAS. Zn concentration followed different trend when observed at different time 
intervals. Thus up to 30 DAS it increased sharply. Similarly between 30 to 60 DAS 
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Table 4.32 Effect of herbicide doses on available Mn of wheat (Tri(icum aeslivum L.) 
grown under NPK and vermicompost fertilizers. 
Available Mn (mg kg') 
Herbicide 0 DAS 30 DAS 
concentratio Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
as (gal.) compost compost 
Control 8.57 9,71 1120 9.87 11.68 13.40 14.93 13.34 
500 8.57 9.71 11.20 9.83 12.50 13.72 15.28 13.83 
1000 8.57 9.71 11.20 9.83 12.86 14.72 15.88 14.49 
1500 8.57 9.71 11.20 9.83 11.33 1317 14.82 13.11 
Mean 8.57 9.71 11.20 12.09 13.75 15.23 
60 DAS 90 DAS 
Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
compost compost 
Control 11.39 11.79 11.85 11.68 6.69 6.73 7.26 6.89 
500 11.86 12.13 12.33 12.11 6.86 7.46 8.49 7.60 
1000 12.44 13.28 14.48 13.40 7.13 7.64 9.12 7.96 
1500 10.03 10.55 11.18 10.59 5.65 6.32 6.53 6.17 
Mean 	11.43 	11.94 	1246 	 6.58 	7.04 	7.85 
120 DAS 
Herbicide NPK Vermi Mean 
compost 
Control 6.65 6.68 7.21 6.85 
500 6.83 7.42 8.44 7.56 
1000 7.08 7.60 9.07 7.92 
1500 5.60 6.27 6.49 6.12 
Mean 6.54 6.99 7.80 
C.D. at 5% 
DAS Fertilizer Herbicide Interaction 
0 NS 0.173 NS 
30 0.209 0.241 NS 
60 0.183 0.212 0.358 
90 0.110 0.127 0.215 
120 0.109 0.126 0.213 
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Table 4.33 Effect of herbicide doses on available Zn of wheat (Triticum aestivum L.) 
grown under NPK and vermicompost fertilizers. 
Available Zn (mg kg') 
Herbicide U DAS JO HAS 
concentratio Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
as (gat.) compost compost 
Control 0.94 1.01 1.43 1.13 4.16 4.57 4.50 4.41 
500 0.94 1.01 1.43 1,13 4.62 4.64 5.70 4.99 
1000 0,94 1.01 1.43 1.13 5.05 5.67 5.76 5.49 
1500 0.94 1.01 L43 1.13 3.68 3.74 3.86 3.76 
Mean 	0.94 	1.01 	1.43 	 4.38 	4.66 	4.96 
60 DAS 90 DAS 
Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
compost compost 
Control 3.58 4.07 4.18 3.94 1.85 2.04 2.18 2.02 
500 3.70 4.41 4.91 434 2.17 2.44 2.55 2.39 
1000 3.74 5.28 5.28 4.77 2.65 2.80 3.94 3.13 
1500 3.37 3.43 3.64 3.48 1.75 1.88 2.08 1.90 
Mean 3.60 4.30 4.50 2.11 2.29 2.69 
126 DAS 
Herbicide NPK 	Vermi Mean 
corn post 
Control 1.81 2.00 	2.13 1.98 
500 2.14 2.40 	2.51 2.35 
1000 2.60 2.75 	3.90 3.08 
1500 1.69 1.84 	2.09 1.87 
Mean 	2.06 	2.25 	2.66 
C.D. at 5% 
DAS Fertilizer Herbicide Interaction 
0 NS 0.020 NS 
30 0.072 0.084 0.141 
60 0.064 0.073 0.124 
90 0.037 0.043 0.072  
120 0.036 0.042 0.071 
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again it declined sharply specialty under the two fertilizers. However at later stages 
after 60 DAS the decline was almost negligible. 
Available F'e 
Here also like Cu, Mn and Zn, pendimethalin (a 1000 g.a.i showed superiority 
to other herbicide concentrations (Table 4.34). It enhanced Fe up to 8.07, 7.93, 19.01 
and t8.82 % followed by pendimethatin v 500 g. a.i. with 5.53, 1.03. 4.98 and 
5.01% over control at 30, 60, 90 and 120 DAS respectively. It may be pointed out 
that again pendimethalin C 1500 g.a.i. reduced the soil Fe with 10.88, 7.31, 2.72 
and 2.73% as compared to control at 30. 60, 90 and 120 DAS respectively. Between 
two fertilizer doses vermicompost recorded maximum Fe with 2922, 20.81, 7.08, 
9.88 and 9.96 % at all time intervals. NPK followed it with 26.35, 12.49, 1.90, 3.89 
and 4.07% increase. Herbicide concentration at 0 DAS and interactions were NS at 0, 
30 DAS. Surprisingly the trend in decline of Fe was slightly different as it increased 
upto 30 DAS after that it decreased slowly upto 60 DAS in case of herbicide doses 
while sharply upto 90 DAS in case of both fertilizers. 
4.3 Experiment III (Aligarh soil), field study 
4.3.1 Growth and yield parameters 
Plant height 
Medium concentrations of herbicides enhanced height as compared to lower 
and comparatively higher dose and control (Table 4.35 a). It marked an increase of 
9.63 % while lesser and higher doses gave 6.70 and 4.43 increase over control. 
Among various herbicides, pendimethalin increased up to 3.43% plant height as 
compared to metsulfivon and 2,4-D which gave 2.10, 1.08% more height while 
metribuzin decreased it by 0.90%. Among various interactions also pendimethalin 
Q1000g.a.i. increased plant height followed byits lower concentration (pendimethalin 
@500g.a.i.) . All other herbicides with their moderate concentration also improved 
the plant height followed by low dose while comparatively higher dose was the least 
effective. 
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Table 4.34 Effect of herbicide doses on available Fe of wheat (Trificum aestivum L.) 
grown under NPK and vermicompost fertilizers. 
Available Fe (mg kg's) 
Herbicide 0 DAS 30 DAS 
coneentratio Herbicide NPK 	Vermi Mean 	Herbicide NPK Vermi Mean 
ns (gar.) compost compost 
Control 5.92 748 	765 7.02 	1035 I 	.60 1226 11.40 
500 5.92 748 	7.65 7.02 	11,03 12.03 13.03 12.03 
1000 5.92 7.48 	7.65 7.02 	11.09 12.34 13.52 12.32 
1500 552 748 	7.65 7.0, 	8.86 10.51 11.10 10.16 
Mean 	5.92 	7.48 	7.65 	 10.33 	11.62 	12.48 
6U DAS 90 DAS 
Herbicide NPK Vermi Mean Herbicide NPK Vermi Mean 
compost compost 
Control 9.57 9.58 8.99 97 642 656 6.91 6,63 
500 9.61 9.73 10.08 9,81 6.81 6.97 7.10 6.96 
1000 9.94 1027 1124 1048 7.25 7.90 8.51 7.89 
1500 8.76 9.00 9.23 9,00 6.22 632 6.82 6,45 
Mean 9.47 9.65 10.14 6.68 6.94 7.34 
120 DAS 
Herbicide NPK Vermi Mean 
compost 
Control 6.37 652 6.87 6,59 
500 6.76 694 7.05 6.92 
1000 7.20 7.85 8.45 7.83 
1500 6.18 6.27 6,77 6.41 
Mean 6.63 6.90 7.29 
C.D. at 5% 
DAS Fertilizer Herbicide Interaction 
0 NS 0.123 NS 
30 0.176 0.203 NS 
60 0.149 0.172 0.291 
90 0.107 0.124 0.209 
120 0.106 0.123 0.207 
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Table 4.35 Effect of various herbicides given as low herbicide (LH), medium 
herbicide (MH) and high herbicide (HH) dose on (a) plant height, (b) No. 
of tillers plan[' and (c) No. of ears plant I  of wheat (Triticum aestivum L.) 
given under N120P60K40  uniformly. 
Herbicide (a) Plant height (cm) 
concentrations 
(gai.) Clodi. 	2,4-D Metsul. Pendi. Marl 	Mean 
Control 71.10 	71.10 71.10 71.10 71.10 	71.10 
LH 72.40 	73.90 74.52 75.86 71.98 	73.73 
MH 74.50 	75.25 76.30 77.95 73.05 	75.41 
HH 71.25 	72.12 73.40 74.25 70.50 	72.30 
Mean 72.31 	73.09 73.83 74.79 71.66 
(b) No. of tillers plant' 
Clodi. 2,4-D Metsul. Pendi. Metri. Mean 
Control 7.66 7.66 7.66 7.66 7.66 7.66 
LH 8.00 8.66 9.00 10.00 7.66 8.66 
MH 8.33 9.00 9.66 1033 8.00 9.06 
HH 7.66 8.00 8.33 9.66 7.00 8.13 
Mean 791 8.33 8.66 9.41 7.58 
(e) No. of ears plant" 
Clodi. 2,4-D Metsul. Pendi. Metri. Mean 
Control 7.00 7.00 7.00 7.00 7.00 7.00 
LH 7.33 8.00 8.33 9.66 7.00 8.06 
MH 8.00 8.33 9.00 10.00 7.66 8.60 
HH 7.00 7.66 8.00 9.00 6.66 7.66 
Mean 7.33 7.75 8.08 8.92 7.08 
C.D. at 5% 
Fertilizer Herbicide Interaction 
Plant height 0.505 0.452 1.010 
No. of tillers plant' 0.058 0.052 0.116 
No. of ears plant' 0.054 0.048 0.108 
N.B.- 	CIoJi= CIodinafop; Melsul 	Afehu✓ : ron methyl; Pendi' Pend ime(halm, Metri =.Metribucirs; 
A uniform basal dose DIN : P : K n 120: 60:40 kg ha' was given. 
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Tiller number plant -' 
Moderate herbicide dose (MI!) proved effective as the plant receiving it 
recorded more tiller numbers than lower (LII) and higher( 1111) dose including the 
control (Table 4.35 b). MH showed an increase of 34.86% followed by LH and 11H i-
e with 30.55 and 26.1 1% respectively. Tiller formation was significantly affected by 
various herbicides also. Pendimethalin recorded 18.96% increase followed by 
mctsulfuron and 2.4-D with 9.48. 5.31%. On the contrary metribuzin decreased the 
number of tillers by 4.17%. Among various interactions pendimethalin 'à1000.a.i., 
recorded maximum numbers of tillers followed by metsulfuron methyl 'u!4.0 g.a.i.. 
While minimum number of tillers was recorded with metribuzin (1;175 g.a.i. While 
metribuzin (u250 g.a.i. ga,,e 8.62% decrease. Metribuzin @ 100 g.a.i. and control 
recorded statistically equal number of tillers. Higher dose of all herbicides was less 
effective proving to be excessive. 
Total chlorophyll content 
The maximum chlorophyll was observed in plants receiving the medium dose 
of herbicide showing an increase of 24.64, 41.15 and 47.62% over control at 30, 60 
and 90 DAS respectively followed by the low herbicide and high herbicide doses . 
Among various types of herbicides, pendimethalin was found to be the most effective 
followed by metsulfuron, 2,4—D, clodinafop and metribuzin in that order. At 90 DAS, 
clodinafop and metribuzin showed statistically equal results (Table 4.36). While at 60 
DAS, metribuzin recorded 2.08% increase over clodinafop. Among various 
interactions also pendimethalin proved superior to other herbicides i-e followed by 
metsulfuron methyl, 2.4-D, clodinafop and metribuzine. At 30, 60, 90 DAS medium 
dose recorded the increase over control followed by low and high concentration of 
herbicides. Pendimethalin gave the maximum increase recording 24.64%. 41.15% and 
47.62 while the lowest was recorded in metribuzin. Increase in chlorophyll content 
was observed from 30 to 60 DAS then it declined. 
Ear number p/an!-1  
Significantly higher number of ears were produced by plants treated with MH 
(moderate herbicide followed by LH (lower herbicide) and HH (higher herbicide) 
against control (Table 4.35 c). It recorded 42.86% increase in number of ears. While 
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Table 4.36 Effect of various herbicides given as low herbicide (LH), medium 
herbicide (MH) and high herbicide (HH) dose on chlorophyll contents of 
wheat (Trilicum aeslivum L.) grown under N 12Dpe0x4o  uniformly. 
Chlorophyll content 
Herbicide 30 PAS 
concentrations 
(gai) 
 Clodi. 2,4-D Metsul. 	Pendi. Metri. Mean 
Control .38 1.38 1.38 	1.38 1.38 138 
LH 147 1.54 1.64 	1.69 1.41 1.55 
MM 1.54 1.59 1.69 	1.72 1.47 1.60 
HH 1.39 147 1.59 	1.64 1.38 1.49 
Mean 1.45 1.50 1.58 	1.61 1.41 
60 DAS 
Clodi. 2,4-D Metsul. 	Pendi. Metri. Mean 
Control 2.43 2.43 2.43 	2.43 2.43 2.43 
LH 2.17 2.75 3.13 	3.17 2.47 2.74 
MIH 3.06 3.13 3.35 	3.43 2.75 3.14 
HH 1.98 2.14 2.43 	3.06 2.18 2.36 
Mean 2.41 2.61 3.84 	3.02 2.46 
90 DAS 
Clodi. 2,4-D Metsul. 	Pendi. Metri. Mean 
Control 1.47 1.47 1.47 	1.47 1.47 1.47 
LH 1.58 1.67 1.76 	2.14 1.59 1.75 
MH 1.76 1,83 1.98 	2.17 1.64 .88 
HH 1.38 1.58 1.64 	1.98 1.48 1.61 
Mean 1.55 1.64 1.71 	1.94 1.55 
C.D. at 5% 
DAS Fertilizer Herbicide Interaction 
30 0.010 0.009 0.021 
60 0.018 0.016 0.037 
90 0.012 0.010 0.023 
N.13:- 	Cloth=Ciod naf6p; Metsul = Metsuijuron methyl; Pendi =Pendtmethalin; Metri= Metrlbrair, 
A uniform basal dose of N : P : K @ 120: 60 :40 kg ha' was given. 
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other two concentration i-e LH and HH marked 38.00 an 28.57% increase over 
control. Various herbicidal treatments also influenced ear production with maximum 
value recorded under pendimethalin treatment giving an increase of 21.57% over the 
lowest one, followed by metsulfuron, 2,4-D and then by clodinafop. Metribuzin 
proved to be deleterious as it marked 3.41 % decrease in production of years. Among 
various interactions. pendimethalin (1000 g.a.i., proved to be most effective. Even 
the other two doses of this herbicides were better than other combinations of 
remaining four herbicides. 2.4-D@ .500 g.a.i., was also equally effective with 
metsulfuron @@4.0 g.a.i. while clodinafop 	6.-0 g.a.i. gave similar increase with 
metsulfuron methyl. Mmetribuzin a 250 g.a.i. decreased the ears production 
Grain number ear" 
Medium herbicide application enhanced the number of grains ear l (Table 
4.37 c). An increase of 48.32 % was recorded by it. While lower herbicide ) and 
higher herbicide followed MI-1 with 41.93 and 33.08 % increase. Grain formation 
increased with various treatments of herbicides as pendimethalin recorded maximum 
number of' grains as compared to metsulfuron, 2. 4-D and clodinafop. Metribuzin 
recorded 4.79% decrease in number of grains while pendimethalin recorded 
maximum increase 21.63% followed by metsulfuron and 2,4-D with 15.46 and 8.26% 
increase. However among the interactions also pendimethalin proved best with all the 
three concentrations. Metsulfuron. 2,4-D and clodinafop also recorded significant 
increase in number of grains by the same treatments. But metribuzin @250 g.a.i. 
proved toxic as compared to other combinations as it decreased the grain numbers. 
Among the five herbicides lowest percentage increase was noted in all the 
concentrations of metribuzin. clodinafop (w 6.0 g.a.i.,was at par with 2,4-D v . 750 
g.a.i.. Similarly clodinafop 	4.0 g.a.i. was at par with metribuzin Vii, 175 g.a.i. 
Length Ear" 
Ear length in plants treated with medium herbicide concentration recorded 
maximum value showing an increase of 34.93% over control (Table 4.37 a). The other 
two doses i.e. log, and high could not perform better and were lower than medium 
recording comparatively lower increase of 25.83 and 21.85% over control. Taking 
various treatments, pendimethalin proved best in all the herbicides tested and marked 
an increase of 20.6% followed by metsulfuron, 2,4-D and metribuzin. The last 
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Table 4.37 Effect of various herbicides given as low herbicide (LH), medium 
herbicide (MH) and high herbicide (HH) dose on (a) ear length, (b) ear 
weight plant'' and (c) no. of grains ear' of wheat (Triticum aestivum L.) 
grown under N 120P60K40 uniformly. 
Herbicide (a) Ear length (cm) 
concentrations 
(gai.) Clodi. 2,4-D 	Metsul. 	Pendi. 	Metri. 	Mean 
Control 12.08 12.08 	12.08 	12.08 	12.08 	12.08 
LH 12.0-5 13.11 	14.82 	15.20 	12.80 	13.60 
MD 13.00 14.00 	15.60 	16.30 	13.75 	14.53 
H H 11.21 12.75 	14.10 	14.72 	12.00 	12.96 
Mean 12.09 12.99 	14.15 	14.58 	12.66 
(b) Ear weight plant'' (g) 
Clodi. 2,4-D Metsul. Pendi. Metri. Mean 
Control 6.15 6.1.5 6.15 6.15 6.15 6.15 
LH 6.I2 6.83 7.45 9.00 6.00 7.08 
MD 7.00 7.25 8.00 9.30 6.77 7.66 
HH 5.91 6.24 7.00 8.70 5.80 6.73 
Mean 6.30 6.62 7.15 8.29 6.18 
(c) No. of grains ear'' 
Clodi. 2,4-D Metsul. Pendi. Metri. Mean 
Control 41.33 41.33 41.33 41.33 41.33 41.33 
LH 45.00 50.50 54.33 58.66 43.00 50.30 
MH 48.00 52.70 57.66 61.30 45.00 52.93 
HH 43.50 48.00 52.00 55.00 40.00 47.70 
Mean 44.46 48.13 51.33 54.07 42.33 
C.D. at 5% 
Fertilizer Herbicide Interaction 
Ear length 0.091 0.082 0.183 
Ear weight plant- ' 0.048 0.043 0.095 
No. of grains ear"' 0.333 0.298 0.666 
N.11.:- 	Clodi = (Yodinafop: Metsul = .tletsulfi4rwt methyl: Pendi = Pendimethalin; Metri = Metriburin 
A uniform basal dose of N : P : K Ta 120: 60: 40 kg ha' was given. 
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recording 17.09, 7.44 and 4.72% increase. Clodinafop could not perform well in 
enhancing the ear length recording lowest ear length. Among various interactions, of 
different treatments pendimethalin @I000 g.a.i. proved best combination recording 
34.93% increase. On the contrary some interactions like clodinafop @ 4.0g.a.i., 
clodinafop @ 8.0 g.a.i. and metribuzin @ 250 g.a.i.were excessive showing decrease 
in ear length. 
Ear weightplanf ) 
Moderate concentration of herbicide proved better over other doses i-e lower 
(LH), higher dosc(HH) in increasing the ear weight (Table 4.37 b). Its application 
produced heavy ears than LH and HH, registering an increase of 51.22% more weight. 
While LH, HH recorded 46.34, 41.46% more weight over control. With various 
treatments highest ear weight was produced by pendimethalin and lowest with 
metribuzin showing even decrease of 1.91%. Among various interactions also 
pendimethalin did well as compared to other herbicide combinations. Metsulfuron 
@4.0 g.a.i. and 2,4-D @ .500 g.a.i. followed an increase of 30.08, 17.89%. While 
interaction of e1odinafopC  6.0 g.a.i. and metribuziraflI00 g.a.i. increased ear weight, 
while HH proved excessive recording a decrease of 0.49, 3.90 and 2.44, 5.69%. 
1000 grain weight 
In this parameter effect of various treatments was overlapping. The seeds 
treated with medium dose of herbicides resulted in the production of heavier grains 
than lower and high dose (Table 4.38 b). this dose registered an increase of 32.07 
over control, followed by LH (28.54) and HH (27.85%). It may be pointed out that 
like other parameters the test weight also increased with pendimethalin and marked 
the maximum increase as compared to other treatments. Metsulfuron and 2,4-D 
recorded an increase of 8.14 and 4.66%. Significantly lower value was marked by 
clodinafop, and the lowest was noted under metribuzin where it decreased upto 
6.27%. Among interactions pendimethalin @ 1000 g.a.i. proved superior in all the 
herbicides combinations. In general medium dose of herbicides recorded the 
maximum test weight, and the minimum in high dose. Pendimethalin @1000 g.a.i_ 
registered 32.07% increase, while metribuzin @ 250 g.a.i. only 3.99 % increase thus 
proving least effective 
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Table 4.38 Effect of various herbicides given as low herbicide (LH). medium 
herbicide (MH) and high herbicide (HH) dose on (a) grain yield plant 1 
(cm), 	(b) test weight and (c) straw yield plant-1  of wheat (Triticum 
aestivqrr L.) grown under N120P6OK.ro uniformly. 
Herbicide (a) Grain yield plant' (g) 
concentrations 
(gai.) Clodi. 2,4-D Metsul. 	Pendi. Metri. Mean 
Control 6.12 6.12 6.12 	6.12 6.12 6.12 
LH 7.05 7.92 9.16 	11.15 6.75 8.41 
N111 7.49 8.16 9.99 	11.71 7.00 8.87 
HH 6.79 7.51 8.83 	10.84 6.40 8.07 
Mean 6.86 7.43 8.53 	9.96 6.57 
(b) Test weight (g) 
Clodi. 2,4-D Metsul. 	Pendi. Metri. Mean 
Control 43.66 43.66 43.66 	43.66 43.66 43.66 
LH 48.08 51.10 53.00 	56.12 44.22 50.50 
MH 49.22 52.80 54.90 	57.66 45.40 52.00 
HH 47.95 50.15 52.72 	55.82 43.80 50.09 
Mean 47.23 49.43 51.07 	53.32 44.27 
(c) Straw yield plant- ' (g) 
Clodi. 2,4-D Metsul. 	Pendi. Metri. Mean 
Control 6.70 6.70 6.70 	6.70 6.70 6.70 
LH 8.11 9.91 10.09 	10.81 7.20 9.22 
MH 8.62 10.17 10.90 	11.12 8.00 9.76 
nil 7.79 9.65 9.71 	10.31 6.99 8.89 
Mean 7.81 9.11 9.35 	9.74 7.22 
C.D. at 5% 
Fertilizer Herbicide 	Interaction 
Grain yield plant' 0.055 0.049 0.110 
Test weight 0.339 0.304 0.679 
Straw yield plant"' 0.060 0.054 0.121 
N.B.:- 	Clodi = C lodinaJbp: Metsul = .tfetsulfuron methyl; Pendi = Pendimelhalin; Metri = ,1fetribu:in ; 
A uniform basal dose of N : P : K u; 120: 60:40 kg ha'' %%as given. 
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Grain vielcl plant"' 
The grain yield was also significantly affected by the different treatments of 
herbicides showing beneficial effect of herbicides use in growth and yield parameters 
of wheat. In this case also medium herbicides dose proved more effective when 
compared with lower, higher (Table 4.38 a). Therefore, the plants treated with it 
recorded the maximum grain yield giving an increase of 91.34% over control. 
However, LH and HH also registered significant increase of 82.19 and 77.12 in grain 
production. Likewise. as observed in most of the parameters, pendimethalin treatment 
was the best in all herbicides tested followed by metsulfuron and 2,4-D also proved 
effective. Pendimethalin, metsulfuron and 2,4-D recorded 45.05, 24.22 and 8.31% 
increase. While metribuzin gave significantly lowest grain yield. Clodinafop was 
comparatively better than metribuzin. Among various interactions pendimethalin @ 
1000 g.a.i. recorded the maximum grain yield while metribuzin recorded lowest grain 
yield. It may be noted that controls of all the five herbicides were equally effective 
while high dose of herbicides was less effective. 
Straw yield plant-' 
Significant effect of medium herbicide dose was also observed on the 
production of straw (Table 4.38 c). It proved to be the best, recording an increase of 
65.97 over control. Whereas an increase of 61.34 and 53.88% was obtained under 
lower and higher dose. Among the five herbicides studied pendimethalin treated 
plants registered highest straw yield and metribuzin the lowest. Both gave maximum 
and minimum percent increase and decrease of 24.73 and 7.55 % respectively, 
followed by metsulfuron, 2.4-D. Clodinafop was better than metribuzin. Among 
various interactions, pendimethalin u! 1000 g.a.i. recorded maximum straw yield 
closely followed by metsulferon methyl 24.0 g.a.i.. Pendimethalin 1500 g.a.i. also 
recorded 61.34% increase. Like seed yield, in straw production also all controls were 
equally effective. 
4.3.2 Soil enzyme activities 
Flourescein ddiacetate hydrolysing (FDA H) Activity 
As is evident from table4.39 control registered the maximum enzyme activity 
at all time intervals i.e 30. 60, 90 and 120 DAS. While all the three concentrations 
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Table 4.39 Effect of various herbicides given as low herbicide (LH), medium 
herbicide (Ivies) and high herbicide (HH) dose on fluorescein diacetate 
hydrolysis (FDAH) activity of wheat (Triticum aestivum L.) grown under 
N170P60K40 uniformly. 
FDAH activity (µg g') 
Herbicide 30 DAS concentrations 
(g-ai) Clodi. 2,4-D Metsul. 	Pendi. Metri. Mean 
Control 3550 35.50 35.50 	35.50 3550 3550 
LH 26.19 27.12 28.93 	31.40 26.00 27.93 
MH 25.75 26.50 27.50 	29.93 25.00 26.94 
HH 24.54 25.00 25.75 	27.50 23.50 25.26 
Mean 28.00 28.53 29.42 	31.08 27.50 
60 DAS 
Clodi. 2,4-D Metsul. Pendi. Metri. Mean 
Control 26.54 26.54 26.54 26.54 26.54 26.54 
LH 21.00 21.22 22.75 23.54 20.50 21.80 
MH 20.00 20.00 21,00 22.16 19.25 20.48 
HH 18.50 19.25 20.00 21.23 18.20 19.44 
Mean 2151 21.75 22.57 23.37 21,12 
90 DAS 
Clodi. 2,4-D Metsul. Pendi. Metri, Mean 
Control 19.87 19.87 19.87 19.87 19.87 19.87 
LH 18.00 18.50 19.25 19.90 17.00 18.53 
MH 16.50 17.00 17.25 18.00 16.00 16.95 
HH 15.25 16.00 16.98 17.00 15.00 16.05 
Mean 17.41 17.84 18.34 18.69 16.97 
120 DAS 
Clodi. 2,4-D MetsuL Pendi. Metri. Mean 
Control 
LH 
MH 
HH 
24.20 
19.20 
18.50 
16.00 
24.20 
19.90 
18.70 
1650 
24.20 
21,00 
20.20 
18.10 
24.20 
22.50 
21.50 
18.90 
24.20 
17.00 
1650 
1500 
24.20 
19.92 
19.08 
16.90 
Mean 19,48 19.83 20.88 21.78 18.18 
C.D. at 5% 
DAS Fertilizer Herbicide Interaction 
30 0.202 0.181 0.404 
60 0.154 0.138 0.309 
90 0.124 0.111 0.249 
120 0.141 0.126 0.281 
NB.:- Clodi =C(odinafoy; Metsul= Mctmf'ron methyf Pendi = Pendimethuiin; Metri = Metr:buin 
A uniform basal dose of N : P : K @ 120 : 60 : 40 kg ha' was given. 
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registered decrease in it at all soil samplings thus the minimum decrease was noted 
with lower dose given 21.32, 17.86, 6.74 and 17.69 %, while comparatively higher 
dose decreased it the most recording 28.85, 26.75, 19.23 and 30.17% at 30, 60, 90 and 
120 DAS respectively. It may be pointed out that among various herbicide treatments 
pendimethalin registered the maximum increase in this enzyme activity, while the 
minimum was recorded with metrihuzin. Among various interactions also the 
tendency remained the same where control of all herbicides registered maximum 
FDAH activity. The increase in herbicide doses decreased it as explained above and 
minimum decrease was noted with pendimethalin cr500 g.a.i. Metribuzin (a% 250 g,a,i, 
recorded the maximum decrease at four samplings . FDAI-I activity decreased with 
herbicide concentrations as well as with time. Only a marginal increase was noted at 
120 DAS as compared to 90 DAS. It increased at 30 DAS as compared to 0 day. 
Dehti•drogenase activity 
Like FDAH activity, dehydrogenase activity was also highest in no herbicide 
control. Here also all the three concentrations of herbicides decreased it with 
increased in concentration showing harmful effects of herbicide for this enzyme 
activity at all intervals of samplings (table 4.40). Thus higher concentration gave the 
maximum decreases in enzyme activity showing adverse effects of higher 
concentration of a herbicide. Among various herbicides, pendimethalin increased it 
the most with 12.52, 24.94, 56.11 and 30.85 %. Whereas on the other hand metribuzin 
decreased the enzyme activity the most with 28.73, 8.16 4.20 and 20.11% at 30, 60, 
90 and 120 DAS respectively. Among various interactions, pendimethalin recorded 
the minimum decrease, while metsulfuron, 2. 4-D and clodinafop followed it. But the 
metribuzin affected the dehydrogenase the most. The trend was same again as noted 
for FDAH activity. Interestingly dehydrogenase activity also decreased with increase 
in DAS and concentration up to 90 DAS. But 120 DAS there was a marginal increase 
in it. like FDAH activity. It increased at 30 DAS as compared to 0 day. 
Alkaline phosphatase activity 
Here also control recorded the maximum alkaline phosphatase activity, and 
the three concentrations registered decrease in it with increase in concentration at all 
intervals. Lower dose recorded 6.99, 8.97, 8.65 and 8.76% decrease, while higher 
dose marked 10.71, 11.69, 10.73 and 11.05 % decrease with respect to increasing 
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Table 4.40 Effect of various herbicides given as low herbicide (LH), medium 
herbicide (MH) and high herbicide (HH) dose on dehydrogenase activity 
of wheat (Triticum aestivum L.) grown under N120P60K4o uniformly. 
Dehydrogenase activity (µg g') 
Herbicide 
concentrations 30 DAS 
(gal.) Clodi. 2,4-D Metsul. Pendi. Metri. Mean 
Control 7.94 7.94 7.94 7.94 7.94 7.94 
LH 5.74 5.93 6.48 6.93 3.57 5.73 
MH 5.66 5.83 6.35 6.64 3.26 5.55 
HH 5.57 5.67 5.78 6.51 3.00 5.31 
Mean 6.23 6.34 6.64 7.01 4.44 
60 DAS 
Clodi. 2,4-0 Metsul. Pendi. Metri. Mean 
Control 7.14 7.14 7.14 7.14 7.14 7.14 
LH 3.57 3.85 4.69 4.94 3.29 4.07 
\1H 3.28 3.57 4.33 4.72 3.00 3.78 
HH 3.15 3.29 4.06 4.62 2.31 3.49 
Mean 4.29 4.46 5.06 5.36 3.94 
90 DAS 
Clodi. 2,4-D Metsul. Pendi. Metri. Mean 
Control 5.66 5.66 5.66 5.66 5.66 5.66 
LH 1.79 1.82 3.57 3.85 1.73 2.55 
MH 1.69 1.72 3.15 3.64 1.34 2.31 
HH 1.34 1.47 3.00 3.22 1.30 2.07 
Mean 2.62 2.67 3.85 4.09 2.51 
120 DAS 
Clodi. 2,4-D Metsul. Pendi. Metri. Mean 
Control 5.93 5.93 5.93 5.93 5.93 5.93 
LH 3.29 3.57 3.85 4.69 2.35 3.55 
MH 3.00 3.19 3.28 4.33 1.72 3.10 
HH 2.31 3.00 3.20 4.06 1.60 2.83 
Mean 3.63 3.92 4.07 4.75 2.90 
C.D. at 5% 
DAS Fertilizer 	Herbicide Interaction 
30 	 0.044 	0.039 	0.088 
60 	 0.034 	0.031 	0.069 
90 	 0.025 	0.023 	0.051 
120 	0.029 	0.026 	0.058 
NB.:- 	Clodi = ClodinaJop: Metsul = .tfetsulfitron methyl; Pendi = Pendimethalin; Metri = Afetribu. in 
A uniform basal dose of N : P : K a, 120 : 60 : 40 kg ha't was given. 
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Table 4.41 Effect of various herbicides given as low herbicide (LH), medium 
herbicide (MH) and high herbicide (HH) dose on alkaline phosphatase 
activity 	of wheat (Triticum 	aestivum 	L.) 	grown under N110P60K4e 
uniformly. 
Alkaline phosphatase activity (Mg g') 
Herbicide 30 DAS concentrations 
(gai.) Clodi. 2,4-D Metsul. Pendi. Metri. Mean 
Control 134.40 134.40 134.40 134.40 134.40 134.40 
LH 131.00 129.53 128.00 125.00 130.22 128.75 
MH 129.00 128.50 126.00 123.00 129.00 127.10 
HH 127.00 126.00 123.00 120.00 126.00 124.40 
Mean 130.35 129.61 127.85 125.60 129.91 
60 DAS 
Clodi. 2,4D Metsul. Pendi. Metri. Mean 
Control 110.40 110.40 110.40 110.40 110.40 110.40 
LA 105.00 103.52 102.20 100.50 106.50 103.54 
MH 103,50 102.00 100.50 99.00 104.50 101.90 
HH 102.00 101.00 99.00 97.50 102.00 10030 
Mean 105.23 104.23 103.03 101.85 105.85 
90 DAS 
Clodi. 2,4-D Mersin, Peudi. Metri. Mean 
Control 103.50 10350 103.50 103.50 103.50 103.50 
LH 99.00 98.10 96.33 94.55 99.50 97.50 
111Ei 97.50 96.00 94.50 93.00 98.90 95.98 
HH 96.40 94.50 93.00 92,40 96.80 94.62 
Mean 99.10 98.03 96,83 95.86 99.68 
120 13AS 
Clodi. 2,4-D Metsul. Pendi. Metri. Mean 
Control 105.00 105.00 105.00 105.00 105.00 105.00 
LH 101.10 98.80 97.80 95.80 102.70 99.24 
ME 99.00 97.50 96,00 94.50 100.50 97.50 
HH 97.30 96,40 94.50 93.40 98.70 96.06 
Mean 100,60 99.43 98.33 97.18 101.73 
C.D. at 5% 
DAS Fertilizer Herbicide Interaction 
30 0.894 0.799 1.787 
60 0.722 0.646 1.445 
90 0.680 0.608 1.360 
120 0.691 0.618 1.382 
N.B.:- Clodi = Clodinajop; Metsul = Mersulhvon methyl; Pendi = Pendimelhafin; Metri = Melrihuzin 
A uniform basal dose of N : P : K (a.. 120: 60:40 kg ha' wax given. 
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days of sampling (Table 4.41). Among various herbicide treatments, metribuzin 
increased the activity the most at 60.90 and 120 DAS, and pendimethalin decreased it 
the most at all samplings. But at 30, 60, 90 DAS, clodinafop gave phosphatase 
activity at par with nretribuzin. And at 30 day 2,4-D also marked at par value with 
clodinafop and metribuzin. Among various interactions, all the herbicides studied 
recorded maximum enzyme activity at all time intervals. Clodinafop @ 4.0 g.a.i. 
gave maximum activity among all where % decrease was minimum (2.53%). While at 
60 DAS metribuzin @ 100 g.a.i. recorded least value with lowest decrease of 3.53 
%. It was followed by clodinafop (a1 4.0 g.a.i. combination. At 90 and 120 DAS the 
trend was same. At 90 DAS clodinafop and pendimethalin with medium and higher 
dose and metribuzin @ 100 , 175 g.a.i. recorded at par results. Alkaline phosphatase 
activity decreased with time and concentration of herbicide except at 120 DAS where 
it slightly increased as compared to 90 day. It also increased at 30 DAS as compared 
to 0 day. 
Acid phosphatase activity 
Like alkaline phosphatase activity acid phosphatase activity was also high in 
no treatment control and as the concentration of herbicide increased it decreased 
continuously. Only at 30 DAS moderate and higher doses were at par otherwise all 
the value were critically different (Table 4.42). Among various herbicide treatments, 
the trend was more or less similar like alkaline phosphatase. Metribuzin registered 
highest increase but pendimelbalin decreased it the most. At 30 DAS ruetsulfuron 
methyl and pendimethalin were at par while at 60 DAS 2. 4-D, metsulfuron methyl 
and pendin ctkalin were equally effective. Among various interactions control of all 
herbicides recorded the maximum values of enzyme activity at all time intervals. 
Minimum acid phosphatase activity decrease was given by metribuzin @100 g.a.i. 
and maximum decrease was with pendimethalin Ca,, 1500 g.a.i. at all time intervals. It 
may be pointed out that at 30 DAS medium and high dose of clodinafop, 2, 4-D and 
pendimethalin were at par and similar was the case with lower and medium dose of 
2,4-D, metsulfuron and metribuzin. The acid phosphatase activity decreased with time 
intervals up to 90 DAS, then it increased marginally. 
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Table 4.42 Effect of various herbicides given as low herbicide (LH), medium 
herbicide (MH) and high herbicide (HH) dose on acid phosphatase 
activity 	of wheat (Trilicum 	ueslivum L.) grown under N)20P60K40 
uniformly. 
Acid phosphatase activity (µg g5 
Herbicide 30 DAS 
concentrations 
(gai.) Clodi. 2,4-D Metsul. Pendi. Metri. Mean 
Control 127.40 127.40 127.40 127.40 127.40 127.40 
LH 117.80 115.50 113.90 112.80 119.10 115.82 
Nil] 115.50 114.00 112.50 111.00 117.80 114.16 
H1i 113.90 112.50 110.70 110.40 115.50 112.60 
Mean 118.65 117.35 116.13 115.40 119.95 
60 DAS 
Clodi. 2,4-D Metsul. Pendi. Metri. Mean 
Control 106.70 106.70 106.70 106.70 106.70 106.70 
LH 102.00 100.00 99.00 98.80 104.50 100.86 
MH 100.50 99.50 98.50 97.50 102.00 99.60 
HH 99.00 97.20 97.00 96.00 101.00 98.04 
Mean 102.05 100.85 100.30 99.75 103.55 
90 DAS 
Clodi. 2,4-D Metsul. Pendi. Metri. Mean 
Control 96.00 96.00 96.00 96.00 96.00 96.00 
LH 90.40 87.70 85.00 82.40 92.30 87.56 
Sill 87.10 85.60 83.00 80.00 90.40 85.22 
HH 85.20 83.30 81.10 78.20 88.00 83.16 
Mean 89.68 88.15 86.28 84.15 91.68 
120 DAS 
Clodi. 2,4-D Metsul. Pendi. Metri. Mean 
Control 99.00 99.00 99.00 99.00 99.00 99.00 
LH 92.30 89.90 88.70 85.00 95.20 90.22 
MH 90.00 88.30 87.00 83.22 93.00 88.30 
HH 88.50 87.00 86.40 81.60 91.00 86.90 
Mean 92.45 91.05 90.28 87.21 94.55 
C.D. at 5% 
DAS Fertilizer Herbicide Interaction 
30 0.816 0.730 1.633 
60 0.703 0.629 1.406 
90 0.614 0.549 1.228 
120 0.635 0.568 1.269 
NB.:- 	Clodi = Clodffnufop; Metsul = .tletsulfuron methyl; Pendi = Pendimethalin; Metri = .'!1etri6Min ; 
A uniform basal dose of N : P : K u 120: 60 : 40 kg ha' 1 was given. 
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4.3.3 Soil characteristics 
pH 
The three herbicide doses recorded more pit when compared with control (Table 
4.43). the pattern of herbicide concentrations for pH was more or less similar at all 
time intervals i-e 30, 60, 90 and 120 DAS, proving equally effective in enhancing the 
soil pH marginally. While among various herbicide treatments at 60 DAS metribuzin 
and clodinafop registered at par values and increase in pH marginally, whereas 2, 4-D, 
metsulfuron and pendimethalin gave at par values and decreased the pH. On the 
contrary at 90 DAS it may be pointed out that values obtained with metrihuzin 
clodinafop. 2, 4-D and metsulfuron were statistically equal. While pendimethalin 
registered 1.03 % decrease in plI. Rest of the data including interactions were non 
significant. 
Organic carbon 
Organic carbon was maximum in no herbicidal treatment (control) in field 
soil (Table 4.44). While the three herbicide doses decreased it at all time intervals. 
Maximum percent decrease was marked with high dose up to 12.31, 23.90, 29.30 and 
24.22 at 30, 60, 90, 120 DAS respectively. Thus the organic carbon decreased with 
increased in concentration. As far as various herbicidal treatments are concerned 
pendimethalin increased the organic carbon by 3.92. 20.51, 25. 91 and 19.20 % at 30, 
60, 90 and 120 DAS respectively the most as compared to other herbicides tested . 
Metribuzin decreased the organic carbon the rnost. The pattern of the herbicide effect 
remained the same at all samplings. Interactions followed the same tendency i-e 
control recorded the maximum organic carbon, while all herbicide concentrations 
decreased it. The organic carbon in lower and medium concentration of clodinafop, 
pendimethalin and metribuzin (a, 175 , 250 g.a.i. at 30 DAS were at par. Whereas 
metsulthron 421 4.0, 6.0 g.a.i. were at par at 60 DAS. The organic carbon was 
decreased with time as well as with respect to concentration up to 90 DAS. At 120 
DAS it increased slightly as compared to 90 DAS. It increased at 30 DAS as 
compared to at 0 day 
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Table 4.43 Effect of various herbicides given as low herbicide (LH), medium 
herbicide (MH) and high herbicide (HH) dose on pH of wheat (Triticum 
aeslivum L.) grown under N120P6oK40 uniformly. 
pH 
Herbicide 30 DAS 
concentrations 
(gi) Clodi. 2,4-D MelsuL Pendi, Metri. Mean 
Control 8.15 8.15 8.15 8.15 8.15 8.15 
LH 8.25 Z20 8.19 8.18 8.28 8.22 
MH 8.24 8.18 8.17 8.16 8.26 8.20 
HH 8.26 8.22 8.21 8.20 8.29 8.24 
Mean 8.23 8.19 8,18 8.17 8.25 
60 DAS 
Clodi. 2,4-D Metsul. Pendi. Metri. Mean 
Control 7.95 7.95 7.95 7.95 7.95 7.95 
LH 8.10 7.99 7.96 7.95 8.15 8.03 
MH 8.09 7.98 7.95 7.93 8.14 8.02 
HH 8.11 8.00 798 7.96 8.16 8.04 
Mean 8.06 7.98 7.96 7.95 8.10 
90 DAS 
Clodi. 2,4-D Metsul. Pendi. Metri. Mean 
Control 7.63 7.63 7.63 7.63 7.63  7.63 
LH 7.81 7.80 7.80 7.71 7.82 7.79 
MH 7.80 7.79 7.78 7.69 7.81 7.71 
HH 7.82 7.81 7.81 7.72 783 7.80 
Mean 7.77 7.76 7.76 7.69 7.77 
120 DAS 
Clods. 2,4-D Metsul. Pendi. Metri. Mean 
Control 7,79 7.79 7.79 7.79 7.79 7.79 
LH 7.91 7.89 7.86 7.86 7.94 7.89 
MIt 7.90 7.88 7.85 7.84 7.93 7.88 
HN 7.92 7.90 7.88 7.87 7.95 7.90 
Mean 7.88 7.87 7.85 7.84 7.90 
C.D. at 5% 
DAS Fertilizer Herbicide Interaction 
30 0.057 NS NS 
60 0.055 0.050 NS 
90 0.054 0.048 NS 
120 0.054 NS NS 
NB.:- 	Clots = (?!orlinaj?p; Metsul = Mftrvijwon merhvi; Pendi 	Pendime(ha/n; Metri 	Metrihuzin; 
A uniform basal dose OIN P : K G 120: 60 : 40 kg ha' was given. 
124 
Table 4.44 Effect of various herbicides given as low herbicide (LH), medium 
herbicide (MH) and high herbicide (HH) dose on organic carbon of wheat 
(Trilicurn uestit,um L.) grown under N120P6oK4o uniformly. 
Organic carbon (%) 
Herbicide 	 30 DAS 
concentrations 
Clodi. 2,4-D Metsul. Pendi. Metri. Mean (gai.) 
Control 0.593 0.593 0.593 0.593 0.593 0.593 
LH 0.530 0.541 0.550 0.554 0.525 0.540 
M i t 0.525 0.532 0.540 0.547 0.517 0.532 
HH 0.514 0.520 0.525 0.532 0.510 0.520 
Mean 0.541 0.547 0.552 0.557 0.536 
60 DAS 
Clodi. 2,4-D Metsul. Pendi. Metri. Mean 
Control 0.502 0.502 0.502 0.502 0.502 0.502 
LH 0.388 0.408 0.435 0.480 0.376 0.417 
MH 0.376 0.390 0.406 0.470 0.360 0.400 
HH 0.354 0.363 0.400 0.450 0.342 0.382 
Mean 0.405 0.416 0.436 0.476 0.395 
90 DAS 
Clodi. 2,4-D Metsul. Pendi. Metri. Mean 
Control 0.413 0.413 0.413 0.413 0.413 0.413 
LH 0.300 0.330 0.346 0.399 0.281 0.331 
MH 0.281 0.293 0.331 0.360 0.263 0.306 
HH 0.270 0.287 0.314 0.342 0.247 0.292 
Mean 0.316 0.331 0.351 0.379 0.301 
120 DAS 
Clodi. 2,4-D Metsul. Pendi. Metri. Mean 
Control 0.450 0.450 0.450 0.450 0.450 0.450 
LH 0.346 0.355 0.393 0.413 0.330 0.367 
MH 0.330 0.346 0.375 0.393 0.316 0.352 
HH 0.316 0.331 0.350 0.408 0.300 0.341 
Mean 0.361 0.371 0.392 0.416 0.349 
C.U. at 5% 
DAS Fertilizer Herbicide Interaction 
30 0.004 0.003 0.008 
60 0.003 0.003 0.006 
90 0.002 0.002 0.005 
120 0.003 0.002 0.005  
N.B.:- 	Clodi = (7odinujop: Metsul - .tle tsu/Jiu•on methyl: Pendi = Pendrmethalin: Metri = .%felribu=in 
A uniform basal dose of N : P: K ru 120 : 60 : 40 kg ha"' was given. 
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4.3.4 Soil nutrients and heavy metals 
Ammoniwn nitrogen (.VH4 * - nitrogen) 
As compared to other doses of herbicides medium dose increased it the most 
followed by lesser and comparatively higher dose as compared to control at all the 
samplings (Table 4.45) . Whereas as at 30 DAS in control it increased upto 30.19% 
as compared to 0 day. Among various herbicides, pendimethalin proved the best , 
followed by metsulfuron.2.4-D and clodinafop. While metribuzin proved least 
enhancing herbicide for ammonium nitrogen. Among various interactions, 
pendimethalin c 1000 ,500, 1500 g.a.i. increased it up to 65.59, 59.60 and 54.12 % 
followed by metsulfuron methyl. The best interaction combination was pendimithalin 
1000 g.a.i. and the poorest was metribuzin 250 g.a.i. at all samplings. NH4 -
nitrogen increased with time up to at 90 DAS after that it declined. It was more as 
compared to control but comparatively higher dose decreased it as compared to other 
doses of herbicides. 
Available- P 
Medium dose (MI-1) proved superior to LI-I (lower herbicide) and HH (higher 
herbicide) at all time internals (Table 4.46). The available of P increased in control at 
30 DAS as compared to 0 day. MH increased it the most as compared to LH and HH 
over control Among various herbicides pendimethalin proved most effective as 
compared to other herbicides. It increased it up to 52.01, 41.56, 37.02 and 42.36 %, 
followed by metsulfuron methyl at 30, 60, 90 and 120 DAS respectively .While 2,4-
D increased it up to 15.83, 12.39. 16.13 and 18.48 % and clodinafop up to 4.10, 2.46. 
6.21 and 7.36 % at later four samplings. Metribuzin proved least effective herbicide. 
Among various interactions also pendimethalin with all concentrations proved better 
as compared to control. Metribuzin @ 250 g.a.i. increased the available P least as 
compared to other herbicides and doses. The availability of P increased with time and 
concentrations. It increased maximum up to 90 DAS after that it decreased. 
Available K 
The available K increased up to 6.13 % at 30 DAS as compared to 0 day 
(Table 4.47). Medium dose proved most effective in enhancing it.The two other lower 
and higher doses followed it. Medium herbicide enhanced the available K up to 49.46, 
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Table 4.45 Effect of various herbicides given as low herbicide (LH), medium 
herbicide (MH) and high herbicide (HH) dose on ammonium nitrogen 
(NH44-N2) of wheat (Triticum aestivum L.) grown under N120P6OK40 
uniformly. 
Available NH4 -N2(mg kg') 
Herbicide 30 DAS concentrations 
(gai.) Clodi. 2,4-D Metsul. Pendi. Metri. Mean 
Control 20.05 20.05 20.05 20.05 20.05 20.05 
LH 25.04 27.11 30.28 32.00 24.30 27.75 
MH 26.60 28.00 31.30 33.20 25.44 28.91 
HH 24-00 26.00 29.00 30.90 23.41 26.66 
Mean 23.92 25.29 27.66 29.04 23.30 
60 DAS 
Clodi. 2,4-0 Metsul. Pendi. Metri. Mean 
Control 26.30 26.30 26.30 26.30 26.30 26.30 
LH 30.00 32.19 36.50 38.21 29.23 33,23 
MH 31.00 33.28 37.32 40.48 30.00 34.42 
HH 29.00 31-00 35.10 37.05 28.19 32.07 
Mean 29.08 30.69 33.81 35.51 28.43 
90 DAS 
Clodi. 2,4-0 Metsul. Pendi. Metri. Mean 
Control 31.00 31.00 31.00 31.00 3100 31.00 
LH 35.51 38.40 40.00 44.32 34.32 38.51 
MH 37.84 40.00 41.28 45.12 35.00 39.85 
HH 33.61 37.72 38.00 42.33 32.00 36.73 
Mean 34,49 36.78 37.57 40.69 33.08 
120 DAS 
Clodi. 2,4-0 Metsui. Pendi. Metri. Mean 
Control 30.00 30.00 30.00 30.00 30.00 30.00 
LH 33.40 3532 38.19 39.11 32.19 35.64 
MH 35.32 37.32 4048 41.28 33.00 3748 
HH 32.51 36.04 3652 3852 31.00 3492 
Mean 32.81 34.67 36.30 37.23 31.55 
C.D. at 5% 
DAS Fertilizer Herbicide 	Interaction 
30 0.180 0.161 0.360 
60 0.219 0.196 0.437 
90 0.253 0.226 0.506 
120 0.239 0.213 0.477 
N.B.: 	Cledi - Clodrnafup; Mellul = Ne1so1jimn methyl; l'endi = Pendime!hnlin; Metri 	Metribvzin 
A uniform basal dose of N : P : K lg3 120:60 :40 kg ha' was given. 
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Table 4.46 Effect of various herbicides given as low herbicide (LH), medium 
herbicide (MH) and high herbicide (I1H) dose on available phosphorus of 
wheat (Triticum ueslii,unz L.) grown under N1 20P6OK4() uniformly. 
Asailable phosphorus (mg kg's ) 
Herbicide 	 30 DAS 
(gal) Clodi. 2,4-D Metsul. Pendi. Metri. Mean 
Control 12.80 12.80 12.80 12.80 12.80 12.80 
LH 15.20 17.23 21.42 24.30 14.13 18.46 
\1H 16.30 19.35 22.80 25.70 15.88 20.01 
HH 14.60 16.16 19.44 23.22 13.77 17.44 
Mean 14.73 16.39 19.12 21.51 14.15 
60 DAS 
Clodi. 2,4-D Metsul. Pendi. Metri. Mean 
Control 15.05 15.05 15.05 15.05 15.05 15.05 
LH 18.00 20.00 24.10 27.06 17.50 21.33 
MH 19.25 22.10 26.40 28.25 18.60 22.92 
HH 17.80 19.75 22.40 26.50 17.30 20.75 
Mean 17.53 19.23 21.99 24.22 17.11 
90 DAS 
Clodi. 2,4-D Metsul. Pendi. Metri. Mean 
Control 18.00 18.00 18.00 18.00 18.00 18.00 
LH 22.00 24.20 27.24 30.10 20.50 24.81 
11H 23.85 26.90 29.16 32.30 21.83 26.81 
HH 20.95 23.60 24.15 29.00 19.50 23.44 
Mean 21.20 23.18 24.64 27.35 19.96 
120 DAS 
Clodi. 2,4-D Metsul. Pendi. Metri. Mean 
Control 16.00 16.00 16.00 16.00 16.00 16.00 
LII 20.10 22.16 25.23 28.20 18.40 22.82 
NI H 21.60 24.70 27.00 30.16 19.70 24.63 
HH 18.75 21.50 22.00 27.00 17.10 21.27 
Mean 19.11 21.09 22.56 25.34 17.80 
C.U. at -% 
DAS Fertilizer Herbicide Interaction 
30 0.121 0.108 0.242 
60 0.140 0.125 0.280 
90 0.163 0.146 0.326 
120 0.149 0.133 0.298 
N.B.:- 	Clodi = Clodinafop: Metsul = Meisulfuron methyl; Pendi = Pendimethulin; Metri = .t1eiribu:.in 
A uniform basal dose of N : P : K if 120: 60 : 40 kg ha" was gi%en. 
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Table 4.47 Effect of various herbicides given as low herbicide (LH), medium 
herbicide (MH) and high herbicide (HH) dose on available potassium of 
wheat (Triricum aesfivum L.) grown under N120Pe0K40  uniformly. 
Available potassium (mg kg t) 
Herbicide 30 DAS concentrations 
(gal.)  Clodi. 2,4-D Metsul. 	Pendi. Metri. Mean 
Control 27.70 27.70 27.70 	27.70 27.70 27.70 
LH 30.60 32.12 34.52 	39.12 29.62 33.20 
MH 31.50 33.30 35.55 	41.40 30.15 34.38 
HH 29.70 31.00 3330 	37.27 28.52 31.96 
Mean 29.88 31.03 32.77 	36.37 29.00 
60 DAS 
Clodi. 2,4-D Metsul. 	Pendi. Metri. Mean 
Control 29.90 29.90 29.90 	29.90 29.90 29.90 
LH 32.54 35.10 37.35 	41.40 31.00 35.48 
MH 34.65 36.45 38.25 	42.75 32.60 36.94 
HH 30.30 34.31 36.10 	40.60 29.00 34.06 
Mean 31.85 33.94 35.40 	38.66 30.63 
90 DAS 
Clodi. 2,4-D Metsul. 	Pendi. Metri. Mean 
Control 35.10 35.10 35.10 	35.10 35.10 35.10 
LH 37.00 40.60 43.10 	49.52 36.00 41.24 
MH 38.25 41.85 45.50 	51.75 37.35 42.94 
HH 3690 39.00 42.00 	48.00 34.11 4000 
Mean 36.81 39.14 41.43 	46.09 35.64 
120 DAS 
Clodi. 2,4-D Metsul. 	Pendi. Metri. Mean 
Control 30.00 30.00 30.00 	30.00 30.00 30.00 
LH 33.11 35.60 40.60 	42.75 31.88 36.79 
MH 34.30 36.90 41.40 	44.10 32.83 37.91 
HH 31.50 34.92 39-00 	41.90 30.00 35.46 
Mean 32.23 34.36 37,75 	39.69 31.18 
C.U. at 5% 
DAS Fertilizer Herbicide Interaction 
30 0.220 0.197 0.441 
60 0.236 0.211 0.471 
90 0.275 0.246 0.550 
120 0.243 0.217 0.485 
NB.:- 	Cloth =Cl dmgfop; Metsul-  Metsidfuron methyl, Pendi = Pendmwthahq Metri = A4ebi6vzin; 
A uniform basal dose ofN : P . K 	120:60:40 kg ha 4 was given. 
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42.98, 47.44 and 47.00 % as compared to control at all samplings. Among various 
herbicides, pendimethalin proved most efficacious and metsulfuron, 2,4-D followed 
it. On the contrary clodinafop and metribuzin proved less effective.. Among various 
interactions pendimethalin 	1000 g.a.i. increased the available K the most as 
compared to other herbicides and concentrations. While on the other side metribuzin 
"a 250 g.a.i. reduced it the most with 3.01. 2.82. at 60, 90 DAS. The available K 
increased with time and dose. It increased maximum up to 90 DAS after that it 
declined. 
.Available Cu 
Among various herbicide concentration medium herbicide recorded the 
maximum available Cu followed by lower and higher herbicide when compared 
with control at all time intervals (Table 4.48). Taking various herbicide treatments, at 
all time intervals, pendimethalin proved as the best . While metsulfuron and 2,4-D 
followed it. Clodinafop proved next to 2,4-D and metribuzin and marked the least 
increase among the herbicides studied. Among various interactions, pendimethalin Ca, 
1000 g.a.i. recorded the maximum increase with 99.84, 76.05. 102.67 and 154.48 % 
over control at 30, 60, 90 and 120 DAS respectively. Other herbicides followed the 
pendimethalin like metsulfuron 2,4-D and clodinafop with similar trend at all time 
intervals. It may be pointed out that metribuzin proved the least effective. The 
availability of Cu increased maximum up to 30 DAS after that it decreased. While 
higher dose proved deleterious because it decreased the Cu. 
Available Mn 
It increased more with medium herbicide (Table 4.49) followed by lesser and 
higher concentration in comparison to control. The % increase noted with medium 
dose was 23.82. 45.37, 67.93, 38.75 % at 30, 60, 90, 120 DAS respectively. Among 
various herbicides pendimethalin recorded the maximum available Mn at all 
samplings. While metsulfuron and 2,4-D followed it.. Metribuzin enhanced the 
available Mn least. The available Mn increased in control up to 123.28 % at 30 DAS 
as compared to 0 day. Among interactions also pendimethalin 	1000 g.a.i. increased 
it the most followed by pendimethalin @500 g.a.i. and 1500 g.a.i. at various intervals 
.Metribuzin c : 175 g.a.i. increased it up to 0.71, 6.27, 20.76 and 2.92% at 30, 60, 90, 
120 DAS respectively while lower and higher doses followed it. However at 30 
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Table 4.48 Effect of various herbicides given as low herbicide (LH), medium 
herbicide (MH) and high herbicide (HH) dose on available Cu of wheat 
(Triticum aestivum L.) grown under N120P60K4o uniformly. 
Available Cu (mg kg) 
Herbicide 
concentrations 
30 DAS 
Clodi. 2,4-D Metsul. 	Pendi. Metri. Mean 
Control 6.37 6.37 6.17 	6.37 6.37 6.37 
LH 11.20 11.77 12.11 	12.52 6.47 10.81 
Mu 11.43 12.00 12.29 	12.73 6.60 11.01 
HH 11.00 11.55 12.03 	12.37 6.38 10.67 
Mean 10.00 10.42 10.70 	11.00 6.46 
60 DAS 
Clodi. 2,4-D Metsul. 	Pendi. Metri. Mean 
Control 4.51 4.51 4.51 	4.51 4.51 4.51 
LH 6.71 7.20 7.47 	7.77 5.60 6.95 
`1H 6.84 7.37 7.68 	7.94 5.70 7.11 
HH 6.60 7.11 7.35 	7.65 5.34 6.81 
Mean 6.17 6.55 6.75 	6.97 5.29 
90 DAS 
Clodi. 2,4-D Metsul. 	Pendi. Metri. Mean 
Control 3.75 3.75 3.75 	 3.75 3.75 3.75 
LH 6.71 6.73 7.43 	7.52 3.70 6.42 
MH 6.81 6.94 7.55 	7.60 3.89 6.56 
HH 6.55 6.66 7.31 	7.40 3.65 6.31 
Mean 5.96 6.02 6.51 	6.57 3.75 
120 DAS 
Clodi. 2,4-D Metsul. 	Pendi. Metri. Mean 
Control -).90 2.90 2.90 	2.90 2.90 2.90 
LH 6.10 6.12 7.14 	7.22 3.60 6.04 
MH 6.25 6.26 7.25 	7.38 3.75 6.18 
HH 5.95 6.00 7.00 	7.13 3.49 5.91 
Mean 5.30 5.32 6.07 	6.16 3.44 
C.D. at 5% 
DAS Fertilizer Herbicide 	Interaction 
30 0.071 0.064 0.142 
60 0.045 0.040 0.090 
90 0.042 0.038 0.085 
120 0.039 0.035 0.079 
N.B.:- 	Clodi = Clodinafop: Metsul = 9fetsulfuron methyl: Pendi = Pendimethalin; Metri = Afelribuzin 
A uniform basal dose of N : P: K ii 120 :60 : 40 kg ha'' «as gig en. 
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Table 4.49 Effect of various herbicides given as low herbicide (LH), medium 
herbicide (MH) and high herbicide (III-I) dose on available Mn of wheat 
(Triticurn aestivum I..) grown under N12)P(,K4O uniformly. 
Available Mn (mg kg") 
Herbicide 30 DAS 
concentrations 
(gai.) Clodi. 2,4-D Metsul. 	Pendi. 	Metri. Mean 
Control 8.44 8.44 8.44 	8.44 	8.44 8.44 
LH 10.30 10.40 11.06 	11.16 	8.32 10.25 
Nil] 10.42 10.68 11.30 	11.36 	8.50 10.45 
HH 10.10 10.26 10.88 	10.98 	8.14 10.07 
Mean 9.82 9.95 10.42 	10.49 	8.35 
60 DAS 
Clodi. 2,4-D Metsul. Pendi. Metri. Mean 
Control 6.70 6.70 6.70 6.70 6.70 6.70 
LH 9.78 9.96 10.10 11.06 6.86 9.55 
'1H 9.94 10.08 10.24 11.32 7.12 9.74 
HH 9.56 9.70 9.90 10.92 6.76 9.37 
Mean 9.00 9.11 9.24 10.00 6.86 
90 DAS 
Clodi. 2,4-D Metsul. Pendi. Metri. Mean 
Control 5.30 5.30 5.30 5.30 5.30 5.30 
LH 8.76 8.90 9.68 9.98 6.26 8.72 
'si H 8.98 9.04 9.92 10.16 6.40 8.90 
HH 8.60 8.76 9.58 9.70 6.10 8.55 
Mean 7.91 8.00 8.62 8.79 6.02 
120 DAS 
Clodi. 2,4-D Metsul. Pendi. Metri. Mean 
Control 4.80 4.80 4.80 4.80 4.80 4.80 
LH 4.78 5.14 8.78 8.94 4.86 6.50 
MH 4.98 5.28 9.02 9.10 4.94 6.66 
HH 4.60 4.98 8.60 8.76 4.80 6.35 
Mean 4.79 5.05 7.80 7.90 4.85 
C.U. at 5% 
DAS Fertilizer Herbicide Interaction 
30 	0.068 	0.061 	0.137 
60 0.063 	0.056 	0.126 
90 	0.057 	0.051 	0.113 
120 	0.043 	0.039 	0.087 
N.B.:- Clodi = Clodinafop: Mctsul = .ttetsulfuron meth.vl: Pendi = Pendimethalin: Metri = Metribu:in ; 
A uniform basal dose of N : P: K 'i. 120:60:40 kg ha'' Ncas given. 
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DAS lower and higher concentrations marked 1.42, 3.56 % decrease in it as compared 
to control. It increased maximum up to 30 DAS samplings after that it declined. 
Available Zn 
like available Cu and Mn, here also the medium concentration increased the 
available Zn the most with 174.82, 70.00. 54.32, 31.75 %, while lower dose gave 
160.58, 58.89, 41.98, 16.67 % increase at 30, 60, 90, 120 DAS respectively over 
control (Table 4.50 ). Among various herbicides again, pendimethalin increased the 
Zn the most, while metsulfuron followed it at 30, 60, 90, 120 DAS respectively. 
Metribuzin proved least effective. Among various interactions also the pendimethalin 
1000 g.a.i. increased the available Zn the most. Metsulfuron and 2,4-D followed it 
with same dose tendency. Here also for both herbicides metsulfuron @ 4.0 g.a.i. and 
2,4-D @ .500 g.a.i.proved the most effective concentration over control. The 
available Zn also increased maximum with medium dose and up to day 30 DAS only. 
After that it decreased and with higher dose it also decreased. 
Available Fe 
As evident from table 4.51 again medium dose proved the most effective 
concentration. It increased the available Fe up to 12.45, 22.11, 28.55 and 46.97 %, 
while lower and higher dose followed it. In control at 30 DAS, 95.29 % increase 
was noted as compared to 0 day. Among various herbicide treatments again like Cu, 
Mn, Zn, here also pendimethalin proved superior over others. Metsulfuron followed 
it. Pendimethalin increased the available Fe up to 13.33, 8.01, 11.63 and 9.30 % while 
metsulfuron followed it with 3.48, 6.67, 9.91 and 6.90 % at various intervals. 
Metribuzin gave less available Fe. Among various interactions, pendimethalin @ 
1000 g.a.i. increased it the most at all time intervals. Metsulfuron, 2,4-D and 
clodinafop followed the pendimethalin under similar concentration . Here also like 
available Cu, Mn, Zn. metribuein proved as least effective herbicide for increasing the 
available Fe. Metribuzin @175 g.a.i. increased it up to 6.43, 16.90, 19.53, 38.26%. It 
may be pointed out that metribuzin @ 250 g.a.i. marked minimum increase. The 
availability of Fe also increased up to 30 day and after that it decreased with time and 
concentration. 
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fable 4.50 Effect of various herbicides given as low herbicide (LH), medium herbicide 
(MH) and high herbicide (1111) dose on available Zn of wheat (Triricum aestivum 
L.) grown under Nlz,PmlGlo uniformly. 
Available Zn (mg kg4) 
Herbicide 30 DAS 
concentrations 
(gai) Clodi. 2,4-D Metsul. Pendl. Metri. Mean 
Control 2.74 2.74 2.74 2.74 274 2.74 
LH 5,42 6.82 8.66 11.42 3.40 7.14 
MH 5.84 7.10 9.00 1 L78 3.92 7.53 
HH 5.30 6.64 8.40 11.18 3.30 6.96 
Mean 4.83 5.83 7.20 9.28 3.34 
60 DAS 
Clodi. 2,4-D Meisel. Pendi. Metri. Mean 
Control 1.80 I.80 1.80 1.80 1.80 1.80 
LH 2.42 2.68 2.72 4.64 1.86 2.86 
MH 2.70 2.76 2.94 4.94 1.98 3.06 
HH 2.24 2.58 2.56 4.48 1.78 2.73 
Mean 229 2.46 2.51 3.97 1.86 
90 DAS 
Clodi. 2,4-D Metsul. Pendi. Metri. Mean 
Control 1.62 1.62 1.62 1.62 1.62 1.62 
LH 1.96 2.06 2.22 3.46 1.80 2.30 
MH 2.02 2.24 2.42 3.92 1.90 2.50 
HH 1.78 1.98 2.02 3.18 170 2.13 
Mean 1.85 1.98 2.07 3.05 1.76 
120 DAS 
Clodi. 2,4-D Metsul. Pendi. Metri. Mean 
Control 1.26 126 1 26 116 1.26 126 
LH 1.34 1.50 1.58 1.66 1.26 1.47 
MH 1.50 1.74 1.76 1.94 1.36 1.66 
HH 1.20 1.36 1.40 1.56 1.20 1.34 
Mean 1.33 1.47 150 1.61 127 
C.D. at 5%  
DAS Fertilizer Herbicide Interaction 
30 0.048 0.043 0.096 
60 0.019 0.017 0.039 
90 0.015 0.014 0.031 
120 0.010 0.009 0.020 
NB- 	Clodi = Clndinaf p: Metsul =M¢tmu fvon m¢rhyl; Prnd1= P¢ndim¢thalln; Metri =Metribuzin; 
A uniform basal dose cf N : P : K (a,~ 120: 60 : 40 kg ha' was given. 
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Table 4.51 Effect of various herbicides given as low herbicide (LH), medium 
herbicide (MH) and high herbicide (HH) dose on available Fe of wheat 
(Triticum aestivum L.) grown under N120P K40 uniformly. 
Available Fe (mg kg') 
Herbicide 30 DAS 
concentrations 
(gai.) Cladi. 2,4-D Metsul. 	Pendi. Metri. Mean 
Control 9.96 9,96 9.96 	9.96 9.96 9.96 
LH 10.60 10.92 10.96 	12.34 10.50 11.06 
MH 10.78 11,08 11.10 	12.44 10.60 11.20 
HH 10.44 10.78 10.80 	12.16 10.34 10.90 
Mean 10.45 10.69 10.71 	11.73 10.35 
60 DAS 
Cloth 2,4-D Metsul. 	Pendi. Metri. Mean 
Control 8.64 8.64 8.64 8.64 8.64 8.64 
LH 10.00 10.22 10.80 	10.96 9.94 10.38 
MH 10.12 10.40 1098 	11.14 10.10 10.55 
HH 9.86 10.00 10.62 	10.76 9.76 1020 
Mean 9.66 9.82 10,26 	10.38 9.61 
90 DAS 
Clodi. 2,4-D Metsul. 	Pendi. Metri. Mean 
Control 6.76 6.76 6.76 	6.76 6.76 6.76 
LH 8.20 8.56 8.82 9.00 7.84 8.48 
MI! 8.38 8.72 9.04 	9.22 9.08 8.69 
HH 8.00 8.40 8.66 	8.80 7.60 8.29 
Mean 7.84 8.11 8.32 	8.45 7.57 
120 DAS 
Clodi. 2,4-D MeisuL 	F'endi. Metri. Mean 
Control 5.28 5.28 5.28 	528 5.28 5.28 
LH 7.40 7.66 7.74 7.96 7.14 7.58 
MH 7.60 7.84 7.92 	8.12 7.30 7.76 
HH 7.22 7.48 7.58 	778 6.96 7.40 
Mean 6.88 7.07 7.13 	7.29 6.67 
C.D. at 5% 
DAS Fertilizer Herbicide Interaction 
30 0.074 0.067 0.149 
60 0.069 0.062 0.138 
90 0.056 0.050 0.112 
120 0.049 0.044 0,098 
N. n.:- Cladi = Clodinafnp; Metsul = Mersu/bran methyl; Perdi = )'ndimei/,aIin; Melri = Met' ibuzin 
A uniform basal dose nfN: P: K 1,,120.60. 40kg ha' 	given. 
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CHAPTER - V 
DISCUSSION 
Use of herbicides is a necessary evil. These are necessary to achieve effective 
control of weeds during cropping season to obtain higher productivity, while they 
may be an evil if applied in excess therefore, may become an environmental hazard. 
Similarly for ensuring better yield manures and chemical fertilizers are another 
important inputs after irrigation. However, their effectiveness is dependent upon their 
quality and quantity, soil texture, rainfall/ irrigation, other climatic conditions and of 
course, the type of crop and cultural practices adopted. This makes fertilizer and 
herbicide trials, under various agro climatic conditions, necessary . This view point is 
clearly brought out by the present study. 
5.1 Pot studies (experiment I and I1) 
Earlier studies have shown that use of herbicides such as benomyl, 
chlorthalonil. dinocap, chlorpyriphos, metsulfuron- methyl, 2,4-D, glyphosate, 
pendimethalin .metribuzin and number of others have improved the crop 
productivity ( Tag- Al- Din et al., 1989; Hanson and Thill, 2001; Aamil et al., 2004; 
Singh and Singh 2005). Similar observations were made during our study while using 
metribuzin (Experiments I) and pendimethalin (Experiment II). Their use could have 
increased the actinomycetes and nitrifying bacteria , which may be responsible for 
improved nitrogen availability leading to enhanced plant growth and development. 
Similar observations were also made by Tiyagi et al. (2004); Das and Debnath (2006) 
in chick pea and rice respectively. Similarly, the Pseudomonas spp . of bacteria 
become dominant after addition of herbicides and releases more nutrients in soil and 
these bacteria are also important in solubilization of phosphates resulting in more 
availability of P. while increase in available K might be either due to release of fixed 
K from mineral lattice or solubilization effects caused by certain soil fungi (A. niger) 
and bacteria (Bacillus siliceous) which may decompose the alumino silicate minerals, 
thus releasing a portion of K contained therein. It may also be added here that there 
are several mechanisms by which the microorganisms can influence the growth of 
growing plants after degradation and mineralization of herbicides by which the toxic 
effects of herbicides to the plants are decreased in addition to production of some 
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phytohormones which may also play an important role in the crop growth and 
development. 
The reproductive growth depends on vegetative growth which depends on 
balanced nutrition and weed control. Mention may be made of Bunting and 
Drennan (1966) who have emphasized that the vegetative stage may have an 
important and direct effect on seed production . Similar observations were also made 
by Moorby and Besford (1983). In our study the herbicides have suppressed the 
weed growth ( Figure 5.1 and 5.2) and increased the plant growth and seed yield 
due to less weed- crop competition and enhanced availability of nutrients to growing 
crop resulting in more fertile tillers (Table=t.l b and 4.18 b). In addition increased 
nutrients in the soil treated with herbicides due to the release of some essential 
elements from the cells of killed organisms and herbs, further improved the 
availability of nutrients. The obtained results in our study may be supported by the 
work of Hussein and Radwan (2001) , Husain et al. ( 2003) ; Kaleem et al. (2006); 
Nadeem et al.( 2006) and Brzozowska et al. (2008) while working on wheat . On the 
contrary negative influence of excessive herbicides doses on the growth and yield are 
also well documented (Kucharski and Wyszkowska 2008; Jhala et al., 2008; Hossain 
et al.. 2009, Kumar and Agarwal, 2010 and Kandil and Ibrahim ,2011).Because 
uncontrolled use may lead to change in soil nutrient status and enzymatic activities 
leading to adverse effects on soil fertility and crop productivity. 
Therefore, when applied at optimum rates, the concentration of pesticides 
does not significantly alter the microbial activities that are important for soil fertility. 
On the contrary, as mentioned above improper distribution or excessive application 
may upset the microbial equilibrium and ultimately the soil fertility. In experiment I 
and Il metribuzin a 175 g.a.i. and pendimethalin @ 1000 g.a.i. respectively proved 
optimum over low as well as comparatively higher doses giving more tillers (Table 
4.1 b and 4.18b), chlorophyll contents (Table 4.2 and 4.19)and seed yield (Table 4.4 
a and 4.2Ia ). This beneficial effect of optimum herbicide dose was due to the greater 
suppression and/or elimination of weeds and the pathogenic population and also the 
probable increased population of saprophytic fungi and bacteria responsible for 
ammonifcation, nitrification and detoxification. Thus less weed density and greater 
microbial activities promoted the mineralization and the availability of some 
essential nutrients like N, P and K (Figure 5.3 and 5.4 ) and some micro nutrients 
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(Figure 5.5 and 5.6) which ultimately resulted in better seed yield. The increased 
presence of these essential macro and micro nutrients in the soil under 175 g.a.i. and 
1000 g.a.i. concentration (Experiment I and II) in both soils could have played 
synergistic role which are known to accelerate root proliferation, thereby, extracting 
more nutrients present near the root zone leading to increased tillers (Table 4.1 6 
and 4.18 b), higher spike number (Table 4.1 c and 4.18 c) and ultimately the seed 
yield (Table 4.4a and 4.21 a) . Such positive interactions among nutrients arc 
common as reported by Russell(1973) between N and P and between N and K by 
Murphy (1980). It may also be 	pointed out that 	in our study increased 
concentrations of NH4 nitrogen in soils with NPK was due to the application of the 
nitrogen given in the form of urea having ammonium form of nitrogen which may 
easily be converted into NO3" form normally available form of nitrogen in soil 
Similarly like nitrogen, phosphorus and potassium were also available in increased 
amount due to the application of phosphatic and potassic fertilizers (Figure 5.3 and 
5.4). Contrary to NPK fertilizers the availability of these nutrients was comparatively 
low in case of vermicompost(Figure 5.3 and 5.4) which resulted in lower seed yield 
(Table 4.4 a and 4.21 a). It may also be noted that the increase in concentration of 
these nutrients up to 90 DAS then their decline at later stage indicated their use by 
the crop ( Figure 5.3 and5. 4) due to the flowering and seed setting . 
The availability of these important essential macro nutrients has also 
improved the chlorophyll contents in Aligarh as well as in Bulandshahr soil thereby 
increasing the photosynthetic rate (Tisdale et al., 1995). An adequate supply of 
nitrogen in association with high photosynthetic activity may ultimately lead to 
higher test weight (Table 4.4 b and 4.21 b) and seed yield (Table 4.4a and 4.21a) in 
both soils . It may be pointed out that N is a major nutrient affecting the chlorophyll 
content (Moorby and Besford, 1983) and generally related to yield as may be 
explained by strong positive correlation values between the chlorophyll contents 
and the seed yield r = 0.891**, 0.809** and 0.803** (Experiment 1), 0.714**, 
0.946** and 0.742** (Experiment II), at 30 , 60 and 90 DAS respectively .Contrary 
to macro nutrients , the behaviour of the micro nutrients was different as their 
availability enhanced quickly up to 30 DAS only (Figure5.5 and 5.6) and then it 
declined at later stages. It may be due to a point of inversion which may be due to the 
availability of sufficient micronutrients in the initial stage (Marschner, 2002) 
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It has been proved that chlorophyll plays an important role in the ATP 
generation and synthesis of essential plant constituents. (Chopade et al.. 2007). The 
photosynthetic capacity of individual leaf is one factor, which determines the crop 
dry matter yield and it mainly depends on leaf area, chlorophyll contents and the 
stomatal response. Some pesticides, due to their mode of action, interfere with 
photosynthesis as metribuzin inhibits the photosynthesis by blocking the electron 
transfer from compound Q to plasto quinone in photosystem-II ( Khan et al.. 2006) 
and hence prevent the reduction of NADP` required for CO,- fixation during Calvin 
cycle. This may be a major factor in experiment I (Aligarh soil ) that may have 
affected the growth and some yield attributes through chlorophyll functioning and 
other features of plant which finally decreased the seed yield(Table4.4 a) when 
compared with the result of experiment II (Bulandshahr soil). In contrast nitrogen 
present in pendimethalin herbicide (dinitroaniline herbicide) could have proved 
benefecial which was used in experiment I1 in addition to presence of nitrogen in 
chlorophyll, enzymes, and co-enzymes which themselves are nitrogenous in nature, 
(iviarschncr, 2002). It may further be added that the chlorophyll contents in plants 
greatly affects the production of secondary metabolites and other essential plant 
constituents. Some herbicides with excessive dose inhibits the photosynthetic pathway 
by which it inhibits carbohydrate translocation to roots and disturbs the root metabolic 
activity which finally affect the nutrient uptake and ultimately the growth and yield 
of crop plants as observed in our study. Similarly there are reports where high 
concentration of herbicides has been found to limit the chlorophyll contents 
(Homma and Itoh ,l977;  Petroczi et al.. 2002 ). 
In experiment I1 pendimethalin fd< 1500 g.a.i. resulted in poor formation of 
tillers (Table 4.18 b) and yield attributes (Table 4.21 a) This toxicity effect of high 
herbicide dose may have retarded the physiological and biochemical process of plants 
which could have initiated growth retardation as occurred in the present study ,while 
observing lesser tillers (Table 4.18 b) and spike numbers (Table 4.18 c). The 
presence of herbicide residue in soil distresses the thermodynamic activity of water 
along with essential nutrients. It decreases the water uptake with nutrients as well 
because pesticide residue gets attached with the soil to root. In addition higher 
concentration of herbicides also initiate abiotic stress (chemical stress) triggering 
synthesis of compounds like iso-flavones, phenolic acid and hydroxycinnamic acid 
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derivatives, which are potential inhibitors of plant growth ( Siddiqui and Ahmed, 
2006) which is in conformity with our observations also where tiller production was 
adversely affected under higher concentration. 
Yield is the final manifestation of morphological, physiological and 
biochemical traits of a crop and all yield attributes are decided by genetic makeup of 
that particular crop and variety, but the cultural practices and their optimization also 
affect them up to a great extent. During our observations (Experiments I and II), 
higher values for yield attributes were recorded in treatments receiving 175 and 1000 
g.a.i. of herbicides , which may be treated as optimum , and low herbicide dose 
proved deficient ,while the high herbicides dose proved deleterious decreasing most 
of the yield attributes including the seed yield (Table 4.4.a and 4.21 a) indicating the 
importance of the quantity to be used while applying herbicides in a particular agro 
climatic condition . It was further strengthened by positive correlations between the 
seed yield and ear number plant's (0.967**) grain number ear's (0.979**) , test weight 
(0.946**) and ear weight plant '1 (0.917**) in Aligarh soil. Similarly in Bulandshahr 
soil the r values with seed yield were 0.975** with ear number plant "' , 0.970** with 
grain number ear', 0.958** with ear weight plant '~ and 0.984** with test weight 
indicating the role of yield attributes in enhancing the seed yield . It is an established 
fact that pesticides (herbicides) are widely used to improve the yield and quality of 
agricultural produce. However, when they are used correctly can save up to 40% or 
more crop losses. Ideal outcome of such chemicals occur when it accomplishes the 
purpose for which it was applied as observed in our studies and then converted to 
several immediate organic compounds before finally being decomposed. 
(Stepniewska et al.. 2007). 
The application of inorganic fertilizers (NPK) along with herbicide further 
improved plant growth and development in experiment I (Table 4.1 b and 4.4 a) and 
II (Table 4.18 b and 4.21 a) as the growth of a plant organ results from orderly cell 
division, expansion and differentiation. These process are dependent on proper supply 
of nutrients (Marschner, 2002) that influence plant growth and development directly 
by their effect on the supply of assimilates It has been proved earlier that nitrogen and 
potassium are essential for photosynthesis through their involvement in increasing 
the growth and leaf area and if nitrogen is limited in supply chlorophyll may not 
form (Gardener et al., 1985) . Plant nutrition is primarily supply ,absorption and 
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utilization of essential 17 chemical elements (Hewitt ,1963 and Salisbury and Ross, 
1992). The behavior of inorganic fertilizers (NPK) along with optimum herbicide 
concentration was therefore, worked out in the two trials as plants vary in their 
requirements from one variety to another and one soil to another, the agro climatic 
conditions and the cultural practices . Even the cropping sequences can bring 
nutrient supply problems. For example in case of boron needed for maximum 
production of sugar beats and alfa alfa , may be toxic to soy beans if grown after 
wards . In our study optimum dose with NPK proved more effective over control 
than high or low herbicide dose. Generally combinations' of NPK with herbicide 
were better than the combinations in their absence. Thus NPK either with 175 g.a.i. 
(metribuzin) or 1000 g.a.i. (pendimethalin) proved good due to better supply of 
major nutrients indirectly with the help of herbicide and directly by the applied 
fertilizers. 
Beside inorganic fertilizers the role of organic manures is also well 
established in literature as reported by a numbers of researchers This is because the 
organic manure have the characteristics of improving soil physical properties, 
supplying nutrients and also accelerate the rate of biocides degradation .It may be 
added here that the main store house for large amounts of the anions is soil organic 
matter. Its degradation by microorganisms (bacteria, fungi, actinomycetes) is 
responsible for the easy availability of nutrient anions for absorption by the roots. 
The importance of organic matter lies in its holding about 95% of the soil nitrogen, 
60% of the total soil phosphorus and about 80% of the sulphur ( Miller and 
Donahue, 1990). Thus while using vermicompost it may be pointed out that 
adoption of ecological and environmental sustainable practices can reverse the 
declining trend in the crop productivity and soil fertility and may therefore, provide a 
solution to tackle the problem without any harm to soil microorganisms . It contains 
many essential nutrients like N. P. K. Ca, Mg, Zn, Cu, Mn, Fe and organic carbon in 
readily available forms thereby enhances the uptake of nutrients by the growing crop 
(Azarmi et al.,2008 ; Pant et al. 2009) . In general organic manures can also stimulate 
enzymes as observed in our study also (Table 4.5, 4.6, 4.7, 4.8, 4.22, 4.23, 4.24 and 
4.25) as a result of microbial proliferation or enzymes inductions in response to 
amendment. It also frequently modifies the rate, pathway of pesticide degradation, 
metabolism and adsorption in soils, depending on nature of organic amendments and 
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thus to microbial /enzymatic activity. As well as organic acids formed during the 
process of decomposition of organic matter are also responsible for the release of 
certain nutrients. Therefore, growth could be enhanced due to the nutrients released 
by the herbicide dose and vermicompost interaction, which have provided extra 
nutrients to wheat crop at the right time. ( Elamin and Elagib, 2001). In our study 
NPK proved better over vermicompost (Figure 5.1 and 5.2). The superiority of 
inorganic fertilizers over vermicompost is due to the faster release of nutrients by 
them there by improving the tiller number, ear number and photosynthetic pigments 
(Figure 5.7 and 5.8) and thus the seed yield of wheat (Experiment land II) . Similar 
observations were made by Nehra et al. (2001) and Gopinath etal. (2008). 
Out of the two herbicides tested in two studies (Experiments I and ❑) 
metribuzin greatly affected the chlorophyll content as compared to pendimethalin 
as latter herbicide has different mode of action. The reason behind this may be that 
it is a dinitroaniline herbicide, easily photolabile, photodegraded and also chemically 
and biologically degraded. While on the other hand in case of metribuzin even at 30-
40 °C temperature its degradation is low and high moisture in soil also slow down its 
degradation and therefore, it performed adversely as compared to pendimethalin . In 
both the soils the trend for growth, yield and chlorophyll content was more or less 
similar but Bulandshahr soil enhanced more chlorophyll contents and recorded 
comparatively better seed yield (Table 4.19 and 4,21 a) than the Aligarh soil . It 
may be due to better nutrient and soil status of Bulandshahr (Table 3.5). It may also 
be pointed out that pendimethalin which was used in Bulandshahr soil is easily 
available for biodegradation, but little or no movement of metribuzin due to its high 
adsorption to soil. However in experiment I it worked well with vermicompost as 
compared to without vermicompost. 
Physicochemical properties of soil plant system influences the build up of 
yield attributes and thus seed yield. Soil properties like pH, texture, organic matter, 
soil moisture and other factors like humidity and temperature greatly affects the 
herbicide degradation thereby, leading to positive response of the herbicides tested 
specially in Bulandshahr soil while comparing the two soils. Expectedly while 
considering soil characteristics inorganic fertilizers recorded more NH4 -N2 P, K 
(Table 4.11, 4.12, 4.13, 4.28. 4.29 and 4.30) as compared to vcrmicompost 
treatments. However in both experiments (Figure 5.5 and 5.6) vermicompost with 
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medium as well as with low dose of herbicide enhanced some micro elements 
(Table. 4.14, 4.15, 4.16, 4.17, 4.31, 4.32. 4.33 and 4.34), which could be due to their 
release in soil directly after its degradation. According to Pendias and Pendias (1992) 
soil with micro nutrients can produce better crops if these are within the 
permissible limits and are not in excess as may be observed in figure (5.5 and 5.6) 
where values were within the permissible limits . Therefore, it may be emphasized 
that mostly inorganic fertilizes works faster and increases yield of crop but organic 
manures may have advantages over inorganic fertilizer in terms of sustainability, 
fertility and environmental point of view (Jenkinson and Ladd, 1981). 
Enzymes are catalyst of key biochemical processes in soil and take part in 
cycling, of chemical elements like C. N. P and S, thus play an important role in soil 
fertility maintenance. Enzyme activity implies to overall metabolic activity of all 
microorganisms including bacteria, fungi. actinomycetes, protozoa, algal and also the 
micro fauna (Nannipieri .1990; Subhani et al., 2001). Therefore, the role of enzymes 
in soil ecosystem and functioning is inevitable. These enzymes are constantly being 
synthesized. accumulated, inactivated and decomposed .Numerous studies have 
shown that herbicides decomposing microorganism belongs to bacteria and fungi like 
.arlhrubacter, P.seuclomonus, Bacillus, Aclinurnyceles , Mycoplana, Corynebucierium, 
Fluvubacier, Nocarcliu, Trichoderma, Rhizopus, Aspergillus , Penicillium sp. and 
Metharizium anosoplie. Any alteration in the number and activity of these 
microorganisms greatly affects the enzyme system ,nutrients availability and their 
uptake, growth and development. The herbicides affects the enzyme activities 
(Figure 5.9 and 5.10), availability of nutrients and thus finally the growth (Table.4.l 
h and 4.18 h) and yield (Table. 4.4 a and 4.21 a) in our studies. 
Application of vermicompost resulted into higher enzymatic activities due to 
degradation of organic matter and increase in extracellular enzymes in soil. Use of 
vermicompost thus may be a good strategy for decreasing the adverse effects of 
herbicides as observed in experiments I, II, as compared to NPK. On the contrary the 
use of herbicides is thought to be hannful to microbial enzymatic activities. The 
adverse etlect of these chemicals are manifested only at higher concentrations, that 
microbial activity increased as an adaptation to the stress caused by herbicides 
increased concentration. The tolerance of soil microflora at lower concentrations 
could be due to degradation of herbicides. Therefore, the extent of the influence of 
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pesticides on soil microbial processes and microbes in soil depends on many factors, 
including the concentration of the pesticides applied (Milosevie and Govedarica, 
2002.).Similar observations were recorded by us in the pots (Experiments I and 1I) as 
well as in the field (Experiment III) conditions. Soil enzymes are inhibited by heavy 
metals also to different extent depending on form and concentration of heavy metal, 
soil pH, texture (clay and silt) and organic matter content which negatively affects the 
soil fertility and productivity. In our studies this may be the reason that activities were 
higher in control and vermicompost soil as compared to herbicides and NPK 
treatment (Table 4.5, 4.6, 4.7, 4.8, 422, 4.23, 4.24 and 4.25). Similar observations 
were found by us in Rulandshahr soil due to comparatively high organic carbon with 
low and medium herbicides treatments as compared to high dose ( Figure 5.1I). It 
may he pointed out that the enzyme activities are crucial for predicting the 
interactions as these in turn regulate the nutrient uptake and plant growth. (Makoi and 
Ndakidemi, 2008). 
Expectedly organic carbon was more under vermicompost than NPK (Table 
410 and 4.4.27) due to the fact that organic manures (vermicompost) improves soil 
fertility due to increased micro-flora population, improved physical properties of soil 
and also the increased nutrient contents which was also reported by Kumar et al. 
2007: Rakshit and Sen, 2008; Mbah and Onweremadu, 2009; Shilpashree et al., 2012. 
Therefore use of herbicides along with vermicompost can be a better practice for crop 
improvement. 
5.2 Field study (Experiment 111) 
Weeds are the major biological constraint in most wheat growing fields as 
may be observed in figures (5.l2and 5.13) of our field study where weeds are visible 
in control and remove a significant portion of nutrients from the soil which could 
otherwise be utilized by the growing crop. Therefore, the controlled use of herbicides 
is an important practice in agriculture that helps to minimize the economic losses 
caused by them. Their application leads to change in soil nutrient levels (Table 4.45, 
4.46, 4.47) soil enzymes (Table 4.39, 4,40, 4.41 and 4,42 ) and also the microbial 
activities. Since pot studies adversely affect the normal growth of the plants and 
also the soil activities due to limited space and volume, therefore, the pot studies 
were expanded in a farmer' s field with three more herbicides. 
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Among the five herbicides tested incidently the pendimethalin used in 
Bulandshahr soil proved the best while metribuzin used in Aligarh soil was the 
least effective. It may be pointed out that metribuzin, a selective herbicide, is a 
member of triazine family (Table 3.1) with systemic mode of action. Most of its 
degradation takes places biologically only than the other processes because its 
degradation is slow in surface soil which could be a reason for either for its toxicity or 
low effectiveness (Sondhia, 2005). It may also be added here that some herbicides 
like triazine keeps most weeds out of the field but many weeds (pigweed, ragweed, 
lamb sqarters) develops resistance .Therefore, one has to use herbicides at least for 
some duration and try to use the another one for better results (Miller and Donahue, 
1990) as observed in our field study where metribuzin produced 3.4 1 % less ears and 
4.23% less grain yield as compared to other herbicides tested. 
The mechanism behind working of each herbicide is different e.g. herbicide 
like chlorosulfuruon (sulfonylureas) decreases the nutrient uptake of plants by 
adversely affecting the root morphology and physiology. Similarly water uptake 
may also be interrupted in presence of herbicide as soil did not adhere to roots 
although root hairs and mycorrhizal infections may not be affected, finally limiting 
the supply of nutrients resulting in decreased growth and yield (Osborne and 
Robson, 1993). However, in our study , growth and yield were improved with 1000, 
175 , 4.0 ,6.0 and 0.500 g.a.i. of pendimethalin , metribuzin , metsulfuron methyl , 
clodinafop and 2, 4-D respectively proving to be optimum doses of the herbicides 
tested due to better control of weed and increased the availability of nutrients 
(Table 4.45, 4.46, 4.47 4.48, 4.49, 4.50 and 4.51)which have paved the way for 
higher leaf area per plant due to more tillers (Table 4.35 b) more chlorophyll contents 
(Table 4.36) enhancing photosynthetic activity and consequently 	increased seed 
yield (Table 4.38 a). This observation was also strengthened by the strong positive 
correlations between the seed yield with tiller number (0.959**), ear number (0. 
971 *) and test weight (0.956*) observed at harvest while with chlorophyll content at 
30 (0.956*) , 60 (0.778*) and 90 (0.947*) DAS showing that seed yield in field at 
Aligarh was enhanced due to the suitable and optimum dose of herbicide. . 
It may also be pointed out that each herbicide has different degradation 
process as it has different structure (Figure 3.4). Therefore, they are specific regarding 
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their deficient, optimum and toxic levels as may be observed from the results of the 
experiments 111. It may be of interest to note that introduction of polar groupes viz; 
OH, COOH, NH, make the compound susceptible to microbial attack as 
pendimethalin is comparatively easily hiodegragabte. While halogenated or alkyl 
substitutes tend to make the herbicide molecule more resistant to biodegradation. 
Similarly chlorinated hydrocarbons such as DDT are insoluble in water, adsorb tightly 
to soil and are less biodegradable while clodinafop have complex structures which 
are not open for disintegration by microorganisms easily. While in case of 
metsulfuron methyl and metribuzin having S, N, etc. in the ring are also less available 
for degradation. On the contrary 2, 4-D (hormone herbicide) is easily decomposable 
in soil as much as 3.4 x 106 moles in a single day by the microorganisms(Milosevic 
and Govedarica, 2002; Chowdhury et al., 2008) . So the structure of herbicide is 
probably the basic factor responsible far their degradation and ultimately for its 
effect in weed control and nutrient availability. In fact all the five herbicides tested in 
our study belongs to different families and therefore, have also the different behavior. 
Thus among them pendimethalin proved best followed by metsulfuron methyl, 2, 4-
D and clodinafop in that order. On the contrary the herbicide metribuzin commanly 
applied at Aligarh by local farmers was the least effective in field conditions because 
of its harmful effect on pH. organic carbon, soil enzymatic activities (Figure 5.9) and 
probably reduced nutrients transformation which has affected the seed yield 
ultimately (Table 4.38 a). 
5.3 Conclusions 
The following conclusions were drawn from the present study. 
1) In our observations herbicides wider pot as well as in field conditions were 
beneficial, deficient, excessive or toxic. Their optimum levels have also been 
reported on the basis or enhanced growth and productivity of wheat in both 
the soils . Thus beyond a threshold concentration, high concentration began to 
act as inhibitor instead of promoter. While below it becomes less effective. 
2) Inorganic fertilizers (NPK) recorded higher growth and yield in comparison 
to organic fertilizer (vemticompost). 
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3) Use of herbicides proved beneficial as they were responsible in enhancing the 
nutrient status of soil due to various microbiological and physiological 
activities . 
4) Vermicompost with optimum dose of herbicide proved better than low and 
high doses of herbicides for crop yield 
5) Bulandshahr soil worked well than Aligarh soil because it was already 
enriched in soil organic carbon and nutrients and had low clay percentage as 
compared to Aligarh soil which favoured the growth and development. 
6) Comparatively less information was available on pot along with field study 
together on the effect of herbicides, NPK (inorganic) and vermicompost 
(organic) individually and combindly on growth, yield as well as on soil 
status of nutrients and soil enzyme activities therefore, this study has added 
some new information. . 
7) In experiments, 11 and 111 pendimelhalin proved better herbicide whereas 
metribuzin in experiment I and III proved least effective. This is also an 
important piece of information for the use of herbicide by the local farmers. 
Aligarh farmers were commonly using meribuzin which proved least 
effective ,therefore they have to be advised to use pendimethalin @1000 g.a.i. 
for better yield in place of metribuzin. 
8) In experiment I metribuzin was taken as it was commonly used by the local 
farmers. Individually it improved growth and yield of wheat in comparison 
with no herbicide control. However, when it was compared with other 
herbicides in the field condition it was the least effective herbicide indicating 
clearly that the farmers of Aligarh are not using suitable herbicide. 
9) Similarly for Bulandshahr soil also pendimethalin @% 1000 g.a.i. may be 
recommended as the best concentration as it increased the growth and yield 
of wheat. 
5 .4 Proposed future work 
The observations recorded in pot and field experiments discussed above have no 
doubt established the suitability of herbicides and fertilizers and clarified some of the 
problems pertaining to their use for growing wheat in Aligarh and Bulandshahr soils 
however, an attempt may be made in future to extend this study on the following 
lines. 
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1) Heavy metals in leaves and seeds should be analyzed in pot and field study. 
2) Quality traits in seeds like protein, gluten and lysine contents may also be 
taken up. 
3) Uptakes of N, P, K and some of other essential nutrients by the plants should 
also be taken up. 
4) Integrated approach with combination of inorganic (NPK) and organic 
manures along with herbicide may be taken up. 
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CHAPTER-VI 
SUMMARY 
The importance of the problem, `Effect of certain herbicides and fertilizer on 
soil and wheat crop grown under two different soils of U. P." has been mentioned and 
justification was put forward for undertaking the present study. In chapter 1, the 
importance of herbicides, fertilizers (NPK and vermicompost) and wheat crop has 
been briefly emphasized. 
In chapter IT an attempt has been made to review the significant literature 
pertaining to different pesticides (herbicides, fungicides, insecticides etc.) and 
fertilizers (organic, inorganic) and their effects on soil and various crops including 
wheat with particular reference to growth and yield and other physiological 
parameters. Besides, to highlight the effect of herbicides or fertilizers when applied 
with or without each other some important references were also included. 
The details of the materials used and methodology adopted during three 
experiments (two pot and one field) conducted during the winter seasons (rabi crop) 
has been described in chapter I11. Information relevant to the experimental design 
employed, cultural practices undertaken and some relevant meteorological data has 
also been incorporated. 
Chapter IV includes the results obtained with respect to wheat crop response 
to various treatments and each experiment was based on complete randomized block 
design. The results were statistically analyzed and the significance at P ? 0.05 was 
determined. 
Experiments 1-111 
Experiment I on Aligarh soil (pot experiment) was conducted to assess the 
effect of metribuzin applied @ 100, 175 and 250 g.a.i. with and without fertilizers 
(inorganic and organic) with uniform rate of fertilizers (NPK @ 120: 60: 40: Kg ha t 
and vermicompost ( 5 ton ha ' ).'fhe object of the study was to obtain the optimum 
concentration of herbicide with or without fertilizers on the basis of growth, 
chlorophyll contents and yield characters. Among the parameters plant height, tiller 
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number were noted at harvest, leaf chlorophyll contents at 30,60,90 DAS while yield 
characteristics like ear number planf', length ear- , ear weight, grain number ear 
grain yield plant-[ , straw yield and test weight were recorded after harvest. Other 
parameters for soil like pH, organic carbon, enzymatic activities and some macro and 
micronutrients were also assessed at 0, 30, 60, 90, 120 DAS. 
In experiment I metribuzin @ 100 and 175 g.a.i. improved the growth and 
chlorophyll contents as well as the yield characteristics. 250 g.a.i. dose proved toxic, 
while with NPK (inorganic fertilizer), metribuzin @ 175 g.a.i., 100 g.a.i. recorded 
better growth, yield and other parameters of soil also. Contrary to growth, yield and 
chlorophyll contents it decreased soil enzymatic activities while increased the 
availability of NPK and micro nutrients .NPK has low organic carbon with lower 
enzymatic activities as compared to organic fertilizer (vermicompost) which had 
higher enzymatic activities and better soil organic carbon. Verroicompost with 
metribuzin @ 175, g.a.i. proved next to NPK with references to growth and yield as 
compared to only herbicide treatments. 
Experiments II on Bulandshahr soil (pot experiment) was conducted to study 
the efficacy of pendimthalin (500, 1000 and 1500 g.a.i. dose) with and without 
fertilizers (inorganic and organic) with uniform rate on the performance of the same 
crop and with same parameters. In this experiment 1000 and 500 g.a.i. dose proved 
better than 1500g.a.i. for most of the parameters studied Between the two fertilizers 
applied like Aligarh soil here also use of inorganic fertilizers enhanced nutrient 
availability with 1000 and 500 g.a.i. pendimethalin which resulted in improved 
growth. yield and physiological (chlorophyll contents) parameters of the crop. On the 
contrary 1500 g.a.i. proved toxic. Whereas vermicompost showed better enzymatic 
activities of soil and it also improved the soil, organic carbon. Thus application of 
NPK with herbicides proved superior as compared to either herbicides alone or with 
vermicompost. Bulandshahr soil registered better results than Aligarh soil because of 
higher organic carbon and better nutrient status which ultimately resulted in improved 
growth and yield of wheat crop. 
Experiment III on Aligarh soil (field experiment) was conducted to evaluate 
the performance of the same wheat crop under different herbicides (pendirvethalin, 
metribuzin, metsulfuron methyl, clodinafop, 2,4-D) along with recommended rate of 
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NPK (@ 120: 60: 40 Kg ha'. Three concentrations were given and medium doses 
proved effective in enhancing growth, chlorophyll contents ,yield characteristics and 
nutrient availability. But use of NPK suppressed soil organic carbon and enzymatic 
activities. High herbicide doses (FIII) proved toxic generally for parameters studied. 
As discussed earlier (in chapter V) inorganic fertilizers released nutrient faster in soil 
than organic fertilizers. Among various herbicides applied pendimethalin proved best 
followed by metsulfuron methyl, 2,4,-D and cludinafop. Whereas metribuzin 
recorded the least effect. 
In chapter V discussion has been undertaken in the light of the results 
obtained and their correlations supported by the work of other scientists on the 
subject. Possible explanations on herbicides and fertilizers effect on wheat have also 
been included to reach over the final conclusions. 
Chapter VI sutntnary gives a brief of the entire study, which is followed by a 
relevant references cited in the text. An appendix is also included in the thesis giving 
details of the preparation of reagents used in the course of the experiments. 
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APPENDIX 
The reagents and chemicals used in various determinations 
1000 µg FI)A ml' stock solution : 0.1 gm fluorescein diacetate was dissolved in 
80ml acetone and contents made up to 100 ml with acetone. This solution was 
stored at 20°C. 
20 µg fluorescein ml- ' standard solution : 1 ml of 2000 jig ml- ' solution was added 
to 100 ml volumetric flask and content made up to the mark with 60m M 
potassium phosphate buffer. 
2000 µg fluorescein ml"' solution:- Dissolve 0.2265 gm of fluorescein sodium salt in 
80m1 of 60 mM potassium phosphate buffer and made up to 100 ml with 
buffer. 
Alkaline hypochlorite solution:- Dissolve 30gm NaOH in 750m1 DDW. Add lOml 
sodium hypochlorite solution and make up to 1000ml. 
Ammonium acetate solution (1N) Dissolve 77.08 gm of ammonium acetate in about 
500 ml and neutralized to pH 7.0 with concentrated ammoiun hydroxide and 
final volume made up to 1,000ml. 
Ammonium molybdate hydrochloride solution: Dissolve 1.5 gm of ammonium 
molybdate in 100 ml of 3.2 N HCI. Add 5 ml cone. I ICI to neutralize NaHCO3 
in the aliquot. 
Calcium chloride, (0.5.Nl)- Dissolve 73.5 gm of CaCl2. 2H20 in DDW water and 
diluted to I liter. 
Chloroform /methanol:- 666ml of chloroform was added to a II volumetric flask and 
made up to volume with methanol and contents mixed thoroughly. 
Color reagent:- Dissolve 34 gm sodium salicylate 25gm, sodium citrate, 25gm 
sodium tartrate in 750 nil DW. Add 0.12gm sodium nitroprusside, dissolve 
and make upto 1000ml. 
Diphenyl amine indicator: 0.5gm Diphenylamine was dissolved in a mixture of 20 
nil of water and 100 ml of concentrated sulphuric acid. 
DTPA extractant: Dissolve 1.967 gm of diethylinetriamine penta acetic acid 
(DTPA) and 1.470 gm of CaCl2. 21-120 in about 25 ml of DW by adding 13.3 
ml of triethanolarnine (TEA), followed by 100 ml more of DW and make up 
the volume 1000 ml after adjusting pH to 7.3 with dilute HCI. This reagent has 
0.005M DTPA. 0.1 M TEA and 0.01M CaCL22H20. 
Ferrous ammonium sulphate (0.5N): 196 gm of hydrated ferrous ammonium 
sulphate was dissolved in double distilled water. To this 20 ml of concentrated 
sulphuric acid was added and finally the volume was made up to 1,000 ml. 
Hydrochloric acid (0.2N): 17.24m1 HCI mixed with DDW and final volume was 
made up to 1,000 ml. 
Hydrochloric acid (IN): 8.86 ml HCI mixed with DDW and final volume was made 
up to 1,00 nil. 
Modified universal buffer (MUB) :- (pH-11) — Dissolve 12.lg of TRAM (Tris 
hydroxylmethyl amino methane), 11.6 gm of malcic acid, 14 gm of citric acid 
and 6.3 gm of boric acid in 488 ml of IN NaOH and make up the volume to I 
Land store at 4°C. adjust the p1I to Ii with the 0.1 N NaOH. 
MUB (pH- 6.5) : Dissolve 12.lg of TRAM (Tris hydroxylmethyl amino methane), 
l L6 gm of maleic acid, 14 gat of citric acid and 6.3 gm of boric acid in 488 
ml of IN NaOH and make up the volume to 1L and store at 4°C. Adjust the 
pl I to 6.5 with the help of 0.1 N HCI. 
Neutral ammonium acetate solution: Dissolve 4.719 gm of ammonium sulphate in 
400 nil DW and made up to 1,000 ml for 1,000 mg f t 
Phenolphthalein indicator: 0.56 g Phenolphthalein dissolved in 50m1 of 95% 
ethanol and add 50m1 DDW. Add 0.05 N CO2 free NaOH solution drop wise 
until the solution turns faintly pink. 
P-Nitrophenyl phosphate (PNP) solution :- Dissolve 1.927 gm of disodium p-
nitrophenyl phosphate tetrahydrate in MUB and diluted to 50 ml with MUB. 
Store it in the fridge. 
Potassium chloride (2M)- Dissolve 149.12 gm KCL in 600m1 DDW and make up to 
1000 ml. 
Potassium dichromate (IN) : 49.04gm of potassium dichromate was dissolved in 
DDW and finally the volume was made up to 1,000 ml . 
I] 
Potassium phosphate buffer (60 mM ) :- 8.7 gm of K:HPO4 and 1.3 gm KH,PO4 
were dissolved in approximately 800 ml DDW. The contents were made up to 
I liter. The buffer was stored in the fridge (4°C). 
Sodium hi carbonate solution (NaEICO3 )(0.5 M) — Dissolve 42 gm of sodium 
bicarbonate in about 500 ml of hot water and diluted to one litre. Adjust the 
pH to 8.54 using diluted NaOH solution or diluted HCI. 
Sodium hydroxide (0.5M) — Dissolve 20 gm of NaOH in DDW water and diluted to 
I liter. 
Sodium hydroxide solution (0.IN) :(4 gm of sodium hydroxide was dissolved in 
double distilled water (DDW) and the final volume was made up to 1,000 ml 
withDDW. 
Sodium hydroxide solution (IN) :( 4 gm of sodium hydroxide was dissolved in 
double distilled water (DDW) and the final volume was made up to 1.00 ml 
withDDW . 
Sodium oxalate solution — Dissolve 8 gm of sodium oxalate in 50 ml of DDW and 
finally made up the volume up to 1000ml. 
Standard p-nitrophenol solution:- Dissolve 1.0 g of p-nitrophenol in water and 
diluted to 1 liter. Store the solution in the refrigerator. 
Standard triphenyl formazon (TPF):- Dissolve 10 gm of TPF in 100 ml of 
methanol. 
Stannous chloride solution : l Og of crystalline stannous chloride was dissolved in 25 
nil of concentrated HCI and stored in an amber coloured bottle. This was 40% 
stannous chloride solution. Just before use 0.5m1 was diluted to 66m1 with 
double distilled water. 
Sulphuric acid (7N): 19.6 ml concentrated sulphecric acid was added to double 
distilled water and the final volume was made up to 100ml. 
Triphenyl tetrazolium chloride (TTC):- 3 g TTC dissolved in 100 ml DDW and 
stored in dark colured bottle at 4°C. 
